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REPORT OF THE CHIEF OF ORDNANCE. 



Office of the Chief of Ordnance, 

United States Army, 

Washington, October ^7, 190^. 

Sir: I have the honor to submit the following report on the princi- 
pal operations of the Ordnance Department during the past year, 
together with certain remarks as to its interests and necessities: 

WORK OF ORDNANCE ESTABLISHMENTS. 

The Ordnance Department is charged with the dut}'^ of designing, 
manufacturing, and otherwise procuring, and of supplying to the 
service, and maintaining in repair the artillery, small arms, ammuni- 
tion, and personal and horse equipments for the fixed defenses and 
the mobile armies and militia of the United States and its insular pos 
sessions; and by authorization supplies, also, practically all of the 
small arms and equipments of the Navy and the Marine Corps. In 
this work it employs over 5,000 workmen in six great establishments, 
which are guarded and generally cared for by 700 enlisted men. Much 
of the work of the Department is of a scientific character, involving 
the application of the sciences of chemistry, mechanics, and electricity. 
The amount of this class of work is difficult to set forth accurately, 
but it will help in forming an estimate of it to know that of the high- 
class aids to such work known as draftsmen, who translate theoretical 
study into the specification and illustration which precede production, 
there are employed 61. An imperfect general measure of the work 
of a department of construction and supply is furnished by the amount 
of funds which is expended by the Department in carrying the work 
on. For the last four years this amount has averaged for the Ordnance 
Department over ^13,000,000 annually, or more than $187,000 per 
officer. As the work has been done by practically the entire corps, the 
latter figures give a kind of representation of the amount of respon- 
sibility which has, on the average, fallen to each officer, expressed 
financially. 

The present establishments of the Ordnance Department, with their 
location and uses, are as follows: 

Watertown, Mass., manufacturing arsenal. 

Springfield, Mass., manufacturing armory. 
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Watervliet, N. Y., manufacturing arsenal. 

Governors Island, N. Y., arsenal of storage, issue, and purchase. 

Sandy Hook, N. J., proving ground. 

Dover, N. J., powder depot. 

Philadelphia, Pa., manufacturing arsenal. 

Augusta, Ga., arsenal of storage and repair. 

Bock Island, HI., manufacturing arsenal. 

San Antonio, Tex., arsenal of storage and repair. 

Benicia, Cal., arsenal of storage and repair. 

All of them are used for the issue of supplies, and all of the manu- 
facturing arsenals are also arsenals of storage and repair. 

The principal although not the sole manufacture of each of the 
manufacturing establishments is as follows: Of the Watertown Arse- 
nal, seacoast gun carriages; of the Springfield Armory, small arms; 
of the Watervliet Arsenal, cannon, large and small; of the Frankford 
Arsenal (Philadelphia, Pa.), anununition for small arms and mobile 
artillery; of the Bock Island Arsenal, personal and horse equipments, 
carriages for mobile artillery, and small arms. All of the muskets, 
small-arm ammunition, and personal and horse equipments required 
for the Army are manufactured by the Department, but of other 
classes of ammunition and small arms, of small cannon, and of gun 
carriages a considerable proportion of the requirements of the service 
is supplied by private establishments. 

At the invitation of the American Society of Civil Engineers the 
following papers, showing the progress made in this country during 
the last decade in the science and art of different branches of ordnance 
engineering, were prepared by officers of this Department for the 
International Engineering Congress, held October 3 to 8, at the Lou- 
isiana Purchase Exposition, viz: Capt. John T. Thompson, small arms; 
Capt George W. Burr, mobile artillery; Capt. Odus C. Homey, sea- 
coast guns; Capt. Thales L. Ames, ammunition for cannon; Capt. 
Eklward P. O^Hem, seacoast gun-carriage design and construction. 

PERSONNEL. 

In my previous reports I have invited attention to the disadvanta- 
geous condition of the Department iir regard to its personnel. I must 
now repeat the statement that the Department can not do its work with 
its present force of officers. Those who are now carrying on the 
operations of the Department are worked to such an extent as to inter- 
fere with the quality of their product, and the quantity and character 
are below what is necessary if the Department is to do what is expected 
of it. The present authorized strength, 71 officers, is less than the 
number which it is thought can be readily shown to be necessary, and 
there is a shortage of 16 officers below the number authorized. Officers 
of the ability needed and called for by the character of the examina- 
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tions exist in quite suflScient numbers in the seiTice, but there is no 
inducement to tempt them to tit themselves for duty in the Ordnance 
Department, and to perform the arduous work consequent upon 
service therein. If such legislation is not enacted as will enable the 
Department to stimulate and utilize the talent which exists in the 
service, either civilian engineers of proper attainments, at correspond- 
ing salaries, must he employed or the financial resources of the 
Department must l)e so expended as to bring into existence a properly 
skilled coips of experts in the employ of private manufacturers. 

The consequence of the present condition is that, notwithstanding 
the devoted efforts of its officers, the business of the Ordnance Depart- 
ment is now carried on with only fair efficiency. In every case of lapse, 
investigation leads ultimately back to the same cause, lack of officers. 
The engineering and designing work is lagging badly; much is being 
puraued, but much is also being left undone. To the eye of responsible 
concern the latter presents disquieting prominence. 

A measure of relief has been submitted by the undersigned and, 
after modification resulting from discussion, has been approved by the 
General Staff, the Chief of Staff, and the Secretary of War. With 
some further modification it is now before the Senate with favorable 
report from the Committee on Military Affairs of that body. It is 
hoped that it may speedily become law. 

FISCAL AFFAIRS. 

The fiscal resources and expenditures of the Department during the 
year were as follows: 

Amount in the Treasury to credit of ordnance appropriations on July 

1, 1903 $11,010,046.84 

Amount deposited in the Treasury on account of the Ordnance Depart- 
ment, but not credited to ordnance appropriations, on July 1, 1903. 36, 315. 78 

Amount in United States depositaries to credit of disbursing oflScers 
under ordnance appropriations on July 1, 1903 1, 554, 354. 36 

Amount of appropriations made for the fiscal year ending June 30, 
1904, including the amount of those contained in the act making 
appropriations for fortifications and other works of defense, etc., 
approved April 21, 1904, under control of the Ordnance Department. 10, 245, 613. 41 

Amount refunded during the fiscal year ended June 30, 1904, to ord- 
nance appropriations by Treasury settlements, on account of trans- 
fers of property to the various bureaus and Executive Departments, 
to the oi^ganized militia, etc » 2, 245, 885. 16 

Amount received during the fiscal year ended June 30, 1904, from 
sales of ordnance and ordnance stores; from collections from troops 
on account of loss of or damage to ordnance stores; from Chicago, 
Rock Island and Pacific Railroad Company on account of mainte- 
nance of Rock Island Bridge; proceeds arising from tests made by 
the Government testing machine at Watertown Arsenal, and from 
other sources not before mentioned 162, 535. 30 



Total 25,254,749.85 
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Amount disbursed by disbursing officers from ordnance appropria- 
tions during the fiscal year ended June 30, 1904 19, 657, 329. 54 

Amount paid and transferred by Treasury settlements during the fis- 
cal year ended June 30, 1904, from ordnance appropriations on 
account of transfers of property from other Bureaus and Executive 
Departments to the Ordnance Department, and of payment to con- 
tractors for certain purchases, etc 100, 231. 33 

Amount deposited in the Treasury during the fiscal year ended June 
30, 1904, and credited to * * Ordnance material ( proceeds of sales ) * * . . 69, 275. 02 

Amount covered into the Treasury under "Miscellaneous receipts** on 
account of proceeds of Government property during the fiscal year 
ended June 30, 1904 3,479.48 

Amount covered into the * * Surplus fund ' ' of the Treasury on June 30, 

1904 71,203.54 

Amount in United States depositaries to credit of disbursing officers 
under ordnance appropriations on June 30, 1904 1, 585, 583. 72 

Amount deposited in the Treasury on account of Ordnance Depart- 
ment, but not credited to ordnance appropriations, on June 30, 1904. 11, 694. 49 

Amount in Treasury to credit of ordnance appropriations on June 30, 
1904 13,765,952.73 

Total 2f, 254, 749. 85 

The above statement comprises not only the appropriations made 
exclusively for tbe service of the Ordnance Department, but also those 
made for experiments conducted under the direction of the Board of 
Ordnance and Fortification, and for the purchase of submarine mines, 
the control of which rests with the Chief of Artillery. These appro- 
priations are entitled "Board of Ordnance and Fortification" and 
"Submarine mines," and the amounts appropriated under each head- 
ing at the last session of Congress was $100,000. A record of the 
amounts appropriated, allotted, remitted, and expended under each of 
these appropriations is kept on the books of the Ordnance Office; in 
the case of the appropriation "Submarine mines," the disbursements 
made under it receive the administrative action of this office, but for the 
appropriation " Board of Ordnance and Fortification," such adminis- 
trative action is only had on disbursements under allotments made 
specifically for expenditure through the Ordnance Department. 

TRAN8FEB8 OF ORDNANCB STORES TO THE EXECUTIVE DEPARTMENTS AND THE ORGANIZED 

MIUTIA OP THE SEVERAL STATES. 

The value of stores thus transferred is refunded to ordnance appro- 
priations by Treasury settlements on presentation of evidence showing 
the transfer. The value of the stores transferred to the Navy for which 
this Department was reimbursed amounted to $205,669.69; to the Ma- 
rine Corps, $42,996.17; to the other Executive Departments, $9,940.32, 
and to the organized militia, $1,930,912.66. In conducting experi- 
ments for the Board of Ordnance and Fortification, the value of the 
ordnance stores which were used in them amounting to $26,541.69 
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was transferred from the appropriations for the Board to the ordnance 
appropriations proper. The total amount by which ordnance appro- 
priations were credited on account of Treasury settlements amounted 
to $2,245,885. 16, as shown in the statement. This amount is equivalent 
to very nearly 25 per cent of the amount appropriated for this Depart- 
ment and shows that the work of the Department for other objects 
than those of arming, equipping, and supplying the regular Array 
was nearly 25 per cent of the latter — measuring the work done by the 
money available for it. This does not take into consideration sales to 
the Philippine civil government and direct sales to the organized 
militia, which do not appear in Treasury settlements. 

DISPOSITIONS OF FITNDS RBCBIVBD FROM TRANSFERS, SALES, ETC. 

Prior to April 23, 1904, the proceeds arising from transfers and 
sales of serviceable ordnance stores were credited to the several appro- 
priations out of which they were procured, except in cases of transfers 
to the militia authorized by section 1661, Revised Statutes, the cost of 
which was credited to the appropriation for the "Manufacture of 
arms. " By the act of Congress approved April 23, 1904, it is authorized 
that all funds arising from such transfers and sales authorized by law 
shall be credited to one fund, which has been denominated, "Replacing 
ordnance and ordnance stores," which shall be available throughout the 
year in which the transaction was effected and the following year, to 
replace the supplies transferred or sold. This provision of law applies 
not only to Treasurj^ settlements, but also to sales which result in 
depositing the proceeds in the Treasury. 

DISBURSEMENTS. 

The disbursement made directly by disbursing oflScers and the pay- 
ments made by Treasury settlements from ordnance appropriations 
amounted to $9,757,560.87. The amounts of the disbursements made 
at the principal ai*senal8 during the fiscal year and in the Ordnance 
Office are as follows: 

Frankford Arsenal $1,784,064.74 

Rock Island Arsenal 2,688,301.04 

Sandy Hook Proving Ground 209,516.02 

Springfield Armory 1,482,441.18 

Watervliet Arsenal 705,165.93 

Watertown Arsenal 660,471.27 

Ordnance Office 1,366,131.39 

AMOUNTS COVERED INTO THE SURPLUS FUND. 

The principal amounts covered into this fund were $12,878.54 under 
the appropriation for small-arras ammunition for the fiscal year 1902; 
$9,392.81 under an appropriation for a magazine at the powder depot, 
which has been completed; $15,000 under an appropriation of that 
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amotint for torpedo howitzers now of an obsolete type; $2,500 appro- 
priated July 23, 1892, for the expenses of a board to select a site on 
the Pacific coast for a gun factory, and $12,231.63 under several appro- 
priations for the armament of fortifications, the improvements in the 
design of material rendering the objects authorized no longer required. 

COMPARISON OF THE FISCAL STATEMENT WITH THAT OF THE PRECEDING YEAH. 

Comparing the fiscal statement with that of the preceding year, it 
will be found that the amount of the appropriations for the year was 
increased $600,722.40, and the amount of disbursements and pajrments 
by $536,179.50. The amount received on account of transfers to the 
Executive Departments and the organized militia increased from 
$763,420.48 to $2,245,885.16, a gain of $1,482,464.48. This increase 
arose largely from the rearming and equipping of the militia. The 
increase of the amount available on June 30, 1904, for disbursement 
over that available July 1, 1903, amounting to $2,751,464.62, arose from 
the increase of refundments by Treasury settlements and of appro- 
priations and to a decrease of $180,082.94 in the amount covered into 
the surplus fund of the Treasur}'. 

SALES TO THE PHILIPPINE CIVIL OOVBRNMENT. 

In my last annual report I referred to an indebtedness of $119,229.33 
due this Department by the Philippine civil government on account of 
arms, anmiunition, and equipments furnished it for the use of its con- 
stabulary. By a provision of law contained in the act of Congress 
approved April 23, 1904, that Government was relieved of this indebt- 
edness and the account ordered closed. 

RBDUCnON OF APPROPRIATION HEADINGS. 

In my last annual report I referred to the importance of a reduction 
in the number of appropriation titles under which this Department 
is compelled to account for the various expenditures made by it. 
Recommendations to this eflfect were made to the various committees 
of Congress which have supervision over the appropriations made for 
the Department, and the results have been partially successful. The 
number of appropriations for this Department which are generally 
made in the act for the support of the Army, excluding the appropri- 
ations for the militia, were reduced from 10 to 7, and it is proposed to 
make reconuuendation to Congress with a view to making a further 
reduction. The number of appropriations contained in the act for 
fortifications and other works of defense were reduced from approxi- 
mately 68 to 12, and the new appropriation titles cover objects which 
naturally should be classed together in order that Congress might 
have some idea, in a general sense, of the amounts expended for these 
purposes. 
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Briefly speaking, the new appropriations for armament of forti- 
fications provide for specific appropriations for machine and auto- 
matic guns; for mountain, field, and siege guns, including their 
carriages; for seacoast guns and their carriages; for artillery target 
practice, etc. At the last session of Congress provisioii was made 
for fortifications in the insular possessions, and as Congress has 
chosen to provide for these separately, it has led to an increase 
in the number of appropriations, but there is no way of avoid- 
ing this increase. It was hoped that the Committee on Appropri- 
ations would look favorably upon a recommendation leading to 
accounting for all appropriations made for a specific object at the 
various arsenals under one heading, but this recommendation failed 
to meet with the approval of the committee. By consolidating esti- 
mates, as submitted to Congress, for the various objects at the 
arsenals, it was expected to reduce in this way the number of 
appropriation titles. 

PAYMBNT OF EMPLOYBBB. 

At the last session of Congress, on the recommendation of this 
Department, Congress enacted a provision of law providing for a uni- 
form system of computing payments due employees drawing annual 
salaries. This remedied the difficulty referred to in my last annual 
report, wherein one class of employees of the Department was paid on 
one basis and another class on another basis. 

PUBCHA8E8. 

During the last session of Congress a provision of law was enacted 
relieving this Department from reporting all open-market purchases 
under $100. The same provision of law also authorized the Depart- 
ment to procure services in the open market up to and including $200. 
This new provision of law saves considerable clerical work, which 
fulfilled no real purpose, and besides authorized the procurement of 
services, when the amounts were small, in a manner common among 
business men. 

RBCBNT LBGI8LATI0N AFFBCTIMQ DISPOSITION OF FUNDS ARISING FBOM SALES OF 

SBRVICBABLB ORDNANCB 8T0BBS. 

In my last annual report it was shown how much clerical work was 
involved in crediting the numerous and various appropriations in this 
Department, when stores procured under these appropriations were 
transferred to Executive Departments, to the militia, etc. It was 
recommended to Congress that the funds arising from such transfers, 
as well as from sales, should constitute one fund on the books of the 
Treasury Department, and the following legislation was enacted by 
Congress: 

Hereafter all moneys arising from disposition authorized by law and regulation of 
serviceable ordnimoe and ordnance stores shall constitute one fund on the books of 
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the Treasury Department, which shall be available to replace ordnance and ordnance 
stores throughout the year in which the disposition was effected and throaghoat the 
following year. 

This provisioD of law enables this Department to furnish supplies 
to any of the Executive Departments at any time during the fiscal year 
with the certainty that the value of the supplies will not be deducted 
trqm the sums which Congress has directed to be applied to the pur- 
poses of the War Department. 

The importance of this legislation is further evidenced from the fact 
that from the date of its approval, namely, April 23, 1904, until June 
30, 1904, the sum of $190,935.72 was transferred to this fund. At the 
coming session of Congress recommendation will be made that not 
only funds arising from disposition referred to above shall be credited 
to this fund, but that all losses or damage to ordnance stores by rail- 
road or transportation companies shall be credited to the same fund. 
It is obvious that when property is lost in transportation without hav- 
ing carried out the puipose for which Congress intended it, the money 
value of the same, when collected from the transpoitation company, 
should be used to replace the property so lost in order that the intent 
of Congress may be carried out. 

BLANKS. 

In my last annual report I referred to the importance of simplifying 
the blanks to be used in the executing and rendering of accounts for 
public funds. All the blanks in use by the Department for rendering 
money accounts, making reports in connection therewith, etc., have 
been prepared so that all of them can be executed on a typewriter in 
as many copies as may be desired. Instructions in each case have 
been printed on the back of each blank for the guidance of the person 
who may be called upon to execute them. This change has resulted 
in a reduction of fully 76 per cent in the amount of correspondence 
with the various disbursing oflScers of the Department concerning the 
execution and accomplishing of money vouchers and other papers. 

EXAMINATION AND SETTLEMENT OF PROPERTY RETURNS IN THE 

ORDNANCE OFFICE. 

The simplifications begun in 1899 in the manner of rendering the 
property returns and the methods of dealing with them in the Ord- 
nance Office have produced their full effect in the last year, during 
which the work on back returns has been entirely completed. It has 
seen the last remnant of the volunteer returns settled, and has had to 
deal for the most part only with returns from the Regular Armj', which 
are much less complicated than before, owing to the greater experi- 
ence of the officers and the clearer definition of their responsibilities. 

Dealing only with officers of the regular establishment, it became 
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possible during the last year tx) apply more rigidly the penalties for 
failure to promptly render property returns and make explanation 
for errors, and rigidly enforcing stoppages of pay because of such 
neglect has resulted in much greater prompitude in the settlement of 
accountability. 

In settling the final accounts of oflScers great benefit has resiifted 
from the arrangement, long desired and recently effected with the 
Auditor, by which final accounts against an officer are not held open 
indefinitely, but the amounts not accounted for by him are deducted 
from his final pay and the responsibility balanced on the books of the 
office. 

The reduction in clerical force has borne out the promise made at 
the time the improvements in methods were brought about. During 
1899 the clerilcal force for this division amounted at one time to 52 
clerks. This has now been reduced to 14. 

During the last year this division of the office has for the first time 
had the benefit of the law providing, as recommended in report of 
Chief of Ordnance for 1900, for the rendition of returns semiannually 
instead of quarterly, reducing by over one-third the number of returns 
needing to be examined annually. This has been a relief both to the 
Ordnance Office and to officer rendering the returns. The returns 
rendered under this system are larger, but there is a saving of time on 
the whole because there are fewer totals to be carried forward, and it 
is practicable to examine all the returns received before the next returns 
come in. 

In the report of the Chief of Ordnance for 1899, reference was made 
to the necessity for sacrificing the examination of returns to the demands 
of the work of the office, particularly to that of Manufacture and Sup- 
ply, which could not be postponed. The nominal force of clerks in this 
division scarcely ever represented the number wholly engaged on 
returns. So many were drawn away for other work in the office that 
the clerk in charge could never count on the continued service of all 
the force. Repeated efforts were made to secure a permanent body, 
even if smaller in number, that would not be subject to frequent and 
unexpected calls to other work, and the beneficial results of such an 
arrangement were prophesied, but it was only during the last year that 
the more settled condition of affairs allowed this to be accomplished. 

The report of the Chief of Ordnance for 1900 urged the abolition of 
boards of survey composed of several officers and the substitution of 
a survey officer corresponding to a field officer's court. The New 
Army Regulations have brought this about, and good results are 
anticipated from the change in reducing papers requiring examination 
in settling officer's returns. 

In the same report the Chief of Ordnance recommended the simpli- 
fication of papers relating to transfer of ordnance property when 
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placed in the bands of detached soldiers sent from one station to aiM^tiber. 
This was adopted for the Medical Department the next year and lor 
the Signal Corps soon after, and its application to the entire service 
has just been made a part of the Army Regulations. This avoids the 
transfer of formal receipts between officers when the destuifttkMi of 
detachments is unknown, and saves delay in obtaining reoeipts as 
vouchers for the returns. 

The field blanks, of pocket size, introduced by the Department ia 
1899, have proved of advantage to officers in campaigning, and several 
reconmiendations of the Department and its officers have tended to 
reduce delay and produce simplification. Particularly is this the case 
in the Philippines in giving the division commander power to make 
contracts, approve bills for printing and advertising, order sales of 
condemned property, and authorize transfer of stores between different 
departments or bureaus. All these changes make the adjustment of 
accountability more direct and simple. 

At the end of the year only 251 returns remained unsettled, these 
settlements being delayed for want of proper explanation by oflElcers 
rendering them, without which explanation it was impossible for this 
office to close them. 

The work of the office as tabulated in the manner given in previous 
reports of the Chief of Ordnance is as follows: 



Anenals and inspecton. , 

Regular Army 

Volunteer Army 

Spanish War Volunteers. 



Total. 



Number 
of retumii 
not closed 

June 30, 
190S. 



Number 
of returns 
received. 



20 

3,481 

12 

2 



8,405 



52 

5,966 

4 



6,042 



Total. 



72 

9,417 

16 

2 



9.507 



Acted on during 
year. 



Finally 
exam- 
ined. 



54 
8,406 

4 



8,466 



Closed. 



61 

9,177 

14 



9,2S6 



Nomher 
of returns 
notcloBod 
awaftin^ 

corre- 
spondence 
June 80, 
1904. 



11 
240 



»1 



OOKDITION. 

Awaiting final examination, June 80, 1903 2,424 

Awaiting result of correspondence. June 80, 1908 1,041 

Total 8,466 

Awaiting final examination, June 30, 1904 None. 

Awaiting result of correspondence, June 30, 1904 261 



Total. 



DVTAILSD BTATEMSNT. 



Closed 

Examined 



251 

9,266 
8,466 



Settled by correspondence 790 

Awaiting result of correspondence, June 30, 1903 1,041 

Awaiting result of correspondence, June 30, 1904 251 

Awaiting final examination. June 30, 1904 None. 



Total 



28>l 
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In the work of this division of the office very great assistance is 
derived from the practice of having a preliminary examination made 
at the Manila Ordnance Depot of all returns rendered by officers in ^e 
Philippines. This saves the delay of waiting until returns can be seat 
to Washington and there examined, leaving the officers long in doubt 
of the result of the examination, and it enables the Ordnance Depart- 
ment to correspond promptly with officers who make the returns and 
notify them of errors and omissions. It also relieves the Washington 
office of much of the routine work of examination, since the results 
are all outlined before the returns are received. In this way is has- 
tened the settlement of accounts which would otherwise involve much 
difficulty. The following is a summary of the work done at the 
Manila Oi*dnance Depot under charge of the chief ordnance officer of 
the Philippines Division during the fiscal year: 

Returns on hand July 1, 1903: 

Unexamined 773 

Examined and held for correction Ill 

Examined and held for comparison 228 

Total 1,112 

Returns received during the fiscal year 1, 630 

Total 2,742 

Returns sent to the Chief of Ordnance - 2,207 

Total on hand July 1, 1904 636 

Total of these held for correction 82 

Total of these held for comparison 423 

Total number examined 30 

636 

Letters received 4, 127 

Letters sent 3,204 

Indorsements sent 1, 636 

Indorsements received 1, 279 

During the year this division was first under charge of Maj. L. L. 
Brufif, and later under charge of Maj. H. D. Borup, Ordnance Depart- 
ment, under both of whom the work of the office was continued, and 
to the energetic administration of the latter (since retired from the 
service at his own request) is due the final closing out of all back 
returns. 

At the close of the year the reduction of work in the division, with 
the corresponding reduction of clerical force, has made it possible to 
transfer the property division back to the War Department building 
from the detached building previously occupied by it since 1898 at the 
corner of G and Eighteenth streets. The inconvenience of having the 
clerical force of the Ordnance Department separated has been pointed 
out in previous reports, and the consolidation will greatly simplify the 
work of this division in its relations with the other divisions of the 
office, though the room allowed is hardly enough for full efficiency. 
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SANDY HOOK PROVING GROUND. 

The proving ground was commanded during the year by Lieut. Col. 
Charles S. Smith, Ordnance Department. 

Firings for experimental and proof purposes have been conducted 
daily, weather permitting. 

The following material received at the proving ground has been 
subjected to ballistic test: 

29 lots of projectiles. 

8 lots of shrapnel. 
44 guDS. 
89 lots of powder. 

7 lots of fixed aminunition. 

The firings during the year have involved an expenditure of 164,660 
pounds of powder, a total of 7,656 rounds having been fired. 

The railroad^ by means of which the proving ground is connected 
with all points outside, has proved a source of convenience and econ- 
omy, confirming the original estimate as to the advisability of its pur- 
chase and maintenance. 

In accordance with recommendation of a board of officers convened 
at Sandy Hook, N. J., November 5, 1903, an allotment of $76,000 was 
made by the Quartermaster-General for the construction of a new 
trestle on the narrow neck of land connecting the reservation with 
the mainland. The work has been taken up and the contract has been 
awarded for its construction, the work to be completed by November 
15, 1904. About 400 feet of effective sidings have been provided and 
connections made with the old trestle at a point about 650 feet from 
the southern end. It is proposed to put this 650 feet of the old trestle 
in condition to be used as a freight siding. 

As soon as the contemplated repairs to the sea wall have been made, 
the section of the old trestle, which will have been converted into a 
freight siding, can be filled in with sand and ballast and a grade track 
made. This can not be done until the sea wall is constructed, owing 
to the fact that at high water this section of the neck is overflown. 
The total amount of freight shipped over this railroad during the year 
amounted to 24,087,404 pounds, requiring a total car movement of 627 
cars. The total number of passengers carried during the year was 
161,625. 

InMmiction of officers, — It has not been practicable during the year 
to specify regular hours for the instruction of officers in the school of 
application, owing to the requirements of other duties at the proving 
ground. The progress of the officers has, however, been satisfactory, 
as far as it relates to their interest and zeal, and it is hoped that when 
the difficulties under which the Department is now laboring, owing to 



REPORT OF THE CHIEF OF ORDNANCE. 15 

the lack of personnel, are removed plans looking to more systematic 
instruction mav be consummated. 

Machine-shop work, — The work for the officers in machine-shop 
practice is prescribed in orders, and each officer is expected to com- 
plete the work allotted during the year. When there has been a fail- 
ure to meet the requirements of this work it has generally resulted 
from the assignment of other work interfering. Much interest has 
been taken in this work and the student officers have been much 
benefited by it. 

Department of electricity. — All of the student officers do practically 
the same amount of work in this department during the year. The 
average per week was about three and one-half hours' study and one 
and one-half hours' practical work. For the ensuing year the prac- 
tical work prescribed has been materially increased and the theoretical 
work slightly decreased. It is estimated that the new course will 
require about one hundred and fifty hours' study and three hundred 
hours' practical work, making an average of about nine hours per 
week for the year. 

Chemical laboratory work, — No complete schedule has been pre- 
scribed as yet for work of the student officers in the chemical labora- 
tory. During the past year the chemical apparatus and the standard 
test of powders and explosives were explained and illustrated. The 
student officers also visited the works of the International Smokeless 
Powder and Chemical Company, at Parlin, N. J., where they were 
courteously received, and enjoyed an opportunity to witness the man- 
ufacture of smokeless powder in all its details. After becoming 
acquainted with the standard tests and acquiring practical efficiency in 
conducting them, officers are expected to engage in investigating 
work, for which the equipment of the laboratory at the proving 
ground is well adapted. 

In the interior ballistic formulae now available, the powder constants, 
such as the force of the powder, its co-volume, its i-ate of burning 
under atmospheric pressure, and the exponent of the power of the 
ratio of pressures in the expression of the rate of burning as a func- 
tion of pressure have been combined into one or more general con- 
stants, whose values have been determined from normal ballistic data. 

These formulae do not permit the separation and study in detail of 
the action of the constants enumerated above, and hence do not give 
a satisfactory explanation of abnormal ballistic results. Capt. B. W. 
Dunn, of this Department, has been in charge of the chemical laboiu- 
tory and has been assigned as a subcommittee of the Ordnance Board 
to the special duty of studying smokeless powder. He has developed 
formulae which are designed to meet this deficiency and to permit an 
estimate of the effect of a change in any single condition in loading or 

WAK 1904— VOL 10 2 



16 REPORT OF THE CHIEF OF ORDNANCE. 

in any well-defined characteristic of the powder. It is regretted that 
the limited personnel of this Department has not permitted the assi^- 
ment of more officers to work exclusively in this field. 

Shops. — The shops in this place, while primarily occupied in con- 
nection with proving-ground work, have in addition much work in the 
repair and alteration of the armament in the Central and Sandy Hook 
armament districts. It has been necessary during the year to add a 
few new tools and to employ additional mechanics. It is proposed, as 
soon as funds are available, to equip sevenil machines in these shops 
with individual motors in order to save power which is now lost in 
driving line shafting when the machines arc not in operation. 

Proof battery, — A plan for changing the location of armor-plate 
backings and for improving the method of handling velocity screens 
is under considei'ation. It has been found essential to provide means 
for taking velocities when firing at plates, and to do this satisfactorily 
these backings mast be moved farther from the emplacements. The 
plan contemplates two or three light railway tracks running parallel 
to the line of emplacements at the battery. Small cars will carry the 
velocity screens along the tmcks to the position desired. The armor- 
plate backings will be located l)eyond the screens, and the runs which 
carry the chronogmph wires will be placed underground to prevent 
their l)eing cut by f nigments of plate or shell. 

New C07i^tructi07i. — The new brick storehouse authorized by the 
fortification act approved June (5, 11)02, and the brick magazine for 
fixed ammunition, authorized ))v the sundry civil act approved March 
3, 1903, are under construction and will be completed during the j^ear. 
The storehouse is located so ai> to provide for both railroad and cart 
ti*ansportation. The magazine will furnish storeroom for fixed ammu- 
nition, and a separate room is provided for the storage of fuses and 
primers. Plans for the locomotive shed, authorized by the sundry 
civil act approved April 28, 11*04, are now being prepared, and the 
erection of the building will be undertaken and completed during the 
vear. 

A shed has been erected for the storage of armor-piercing project- 
iles, and it is thought possible that a cover will also be required for 
the storage of other projectiles on hand at this place. Plans for the 
bombpr(X)f for the protection of observers on the firing range, and the 
observation range and plotting tower, authorized by acts of Congress, 
are now l)eing prepared. 

SMAIJ. ARMS. 

United Stairs Dtagazine rlfle^ moihl of 190S, — Immediatel}' upon the 
approval by the Secretary of War, on June ID, lf>03, of the adoption 
and manufacture of this^arin, instructions were given to the command^ 
ing officer of Springfield Armory to make the necessary fixtures. 
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tools, gauges, templets, etc., for the manufacture at that. armory of 
400 arms per day of eight hours, and for the manufacture at Rock 
Island Arsenal of 125 arms per day of eight hours. Sufficient fixtures, 
gauges, etc., were completed in the early part of the present calendar 
year to enable a daily output of 800 rifles to be obtained at the Spring- 
field Armory, which output, it is anticipated, will be increased by 
November 1, 1904, to 400 per day. The greater part of the fixtures, 
gauges, etc., for the Rock Island Arsenal have been completed and 
installed, and the manufacture of rifles has begun. It is anticipated 
that a regular daily output of 125 arms will be obtained at the latter 
plant before June 30 next. 

Upon the approval of the Chief of Staff, United States Army, the 
Corps of Cadets, U. S. Military Academy, West Point, N. Y., was 
equipped with the new rifle on March 23, 1904. As the cartridge for 
the new is different from that of the old rifle, it has been decided to 
make no other issues of the former arm, except in Alaska, China, and 
the Philippines, until a sufficient number have been completed to 
enable the entire Regular Army to be equipped at the same time. It 
is anticipated that this exchange of arms can be made in January next. 

As the result of a series of tests, such minor details as the form of the 
striker point and the amount of its projection beyond the face of the 
bolt, the strength of the sear and main springs, and the twist of rifling 
have been determined; a number of minor changes have also been 
made in some of its parts. 

The following appendages have been designed and will be furnished 
with the new rifle, namely: Muzzle and front sight cover, screw-driver 
and combined oiler and thong case. The latter is carried in a recep- 
tacle in the butt of the stock; one-half of the case contains oil and the 
other a thong and brush for cleaning the bore. 

For the purpose of determining that twist which would give the 
greatest length of life of the barrel, consistent with accuracy and sta- 
bility of the bullet, filings were conducted with barrels iifled with a 
uniform twist of one turn in 8, 8i, 9, 9i, 10, and 11 inches. The results 
of these firings indicated that the 8-inch twist gave greater accuracy 
than the longer twists, but that after a number of rounds had been 
fired the accuracy with the 8-inch twist decreased much more rapidly 
than with the longer twists. After firing 3,000 rounds, the accuiucy of 
the 8-inch twist decreased 30.7 per cent, and that of the 9-inch twist, 
25.1 per cent. After firing 6,223 rounds with the 8-inch twist, the 
rifling was practically worn out, while after firing 6,073 rounds with 
the 9-inch twist its accuracy had decreased only 56 per cent. 

As calculations show that a uniform twist of one turn in 10.5 inches 
is sufficient to insure stable flight of the bullet, a uniform twist of one 
turn in 10 inches was adopted. 
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The experience had during the experimental firings conducted for 
determining the accuracy, drift, etc., of this rifle, indicates that, due 
to erosion of the bore at the bullet seat by the powder gases and to the 
wearing of the lands of the rifling, the accuracy of the barrel begins 
to diminish after firing from 1,600 to 2,000 rounds. As the energy of 
recoil may prove suflSciently great to make raw troops flinch in firing-, 
it may be found advisable to make a slight reduction in the muzzlo 
velocity of the rifle, which reduction can be made and still leave this 
arm more powerful than those in general use in foreign military 
services. 

Tables showing the number of spare parts prescribed for issue to 
regimental and post ordnance officers for repairing the new rifle in the 
hands of troops, and to ordnance depots established in time of war, 
and the number of spare parts to be made with each 1,000 completed 
arms for storage until required in time of war, have beeh adopted. 
The spare parts for the latter purpose will be packed in special boxes 
for storage. 

A special form of chest has been made for issue to post ordnance 
officers of posts at which not less than two battalions of infantry or 
two squadrons of cavalry are stationed to insure the safe-keeping and 
better care of spare parts. 

United States vicujaziiie rifle^ vwdel of 18^8. — ^The output of United 
States magazine rifles, model of 1898, was gradually decreased as that 
of the new rifle was increased, until its manufacture ceased entirely in 
November, 1903. As the United States magazines rifles and carbines of 
the models of 1896, 1898, and 1899 were provided with five diflferent 
models of rear sights, viz, models of 1892, 1896, 1898, 1901, and 1902, 
a sufficient number of model of 1902 sights are being manufactured to 
replace the models of 1892 and 1896, and all model of 1898 sights are 
being altered to the model of 1902, thus reducing the«umber of diflfer- 
ent models from five to two. The addition of the plate containing the 
peep-sighting notch constitutes the principal difference between the 
models of 1898 and 1902. As these arms arc replaced with the new 
rifle, they will be thoroughly overhauled, cleaned, and stored as a part 
of the reserve supply. 

The District of Columbia and all the States and Territories, except 
Nevada and New Hampshire, have been supplied, practically to full 
authorized strength of their Militia, with this old magazine arm of 
Krag-Jorgensen type. 

Revolver. — As experience had in actual service with the present 
service caliber .38 revolver showed that its bullet does not possess 
sufficient stopping power and shock effect, experiments were under- 
taken for the purpose of ascertaining what design and caliber of 
bullet possesses these essential features. When these experiments 
are completed advantage will l)e taken of the change in cartridge. 



REPOBT OF THE CHIEF OF ORDNANCE. 19 

should such a change be necessary, to definitely decide, in view of the 
experience had with automatic pistols in the hands of troops, whether 
any design of that class of weapon has reached that stage of perfection 
to warrant its substitution in service for the revolver. 

The subject of the automatic musket is in about the same state as 
described in my last annual report, although it is anticipated that 
more than one design will be ready for test during the coming year. 

Automatic machine guns, — As the tests made by the Department 
during the past several years indicated that several different designs 
of automatic machine guns had been brought to a practical working 
stage under service conditions, a board of oflScers, of which Capt. 
Edwin V. Bookmiller, Ninth Infantry, was president, was convened 
by the War Department, August 20, 1903, for testing such automatic 
machine guns, mounts, and pack outfits as might be referred to it 
from this Oflice. As soon as the design of ball cartridge, model of 
1903, was completed, all American and foreign inventors of this class 
of arms were invited to submit their devices for test. The following 
were submitted and tested by the board, namely: Colt's automatic 
machine gun, tripod mount, carriage, and pack outfit; Danish rifle 
mitrailleuse and tripod; Vickers' Sons & Maxim solid action and stand- 
ard pattern guns, tripod mount, galloping carriage and sleigh mount, 
and pack outfit. 

The recommendation of the board that, as a result of the thorough 
and exhaustive tests to which the four guns were subjected, the Vick- 
ers' Sons & Maxim standard pattern automatic machine gun, tripod, 
and pack outfit be adopted for issue to field troops, and the same gun, 
on a broad-tired wheel mount, be adopted for issue to seacoast forts, 
was approved by the Secretary of War on November 10, 1903. 

The report of the board forms Appendix No. I hereto. 

Ninety guns, tripod mounts, and pack outfits are now being manu- 
factured, and funds are available for the purchase of 30 additional 
guns, tripods, and pack outfits for field troops, and for 30 guns and 
wheel mounts for seacoast forts. As no satisfactory form of wheel 
mount could be obtained, it is being designed by Capt. W. S. Peirce, 
Ordnance Department, at the Springfield Armoiy. It is intended for 
field service that pack transportation should be provided for 7,000 
rounds of ammunition for each gun, which requires the use of 5 mules, 
loaded as follows: One with the gun, tripod, 3 ammunition boxes, 
spare lock, feed block, and counter recoil spring; a second with 7 
ammunition boxes and the loading machine; and the third, fourth, 
and fifth each with 6 ammunition boxes and 2 water boxes. The addi- 
tional spare parts, accessories, tools, etc., to be distributed among the 
last three. 

During the year 40 Gatling guns, model of 1903, were procured. 
These guns were built for the model of 1903 cartridge. 
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Cavalry sabers, — As the supply of light cavalry sabers on hand at 
the close of the civil war has been practically exhausted, an order for 
the manufacture of 20,000 has been given. The bands on the scab- 
bard will be located nearer the mouthpiece, so as to bring the lower 
band above the center of gravity of the scabbard and sword. As the 
black nickeling prescribed for scabbards by General Orders, No. 81, of 
1902 frequently peeled off in service, all scabbards will hereafter be 
browned. 

WsceUaneous. — Five thousand machetes and scabbards wero pur- 
chased during the year for the use of troops serving in those parts of 
the Philippines where the dense undergrowth renders them necessary. 
Three thousand knives and scabbards of special design for issue to the 
Hospital Corps are being made. As scabbards for officers' sabers made 
of German silver under General Orders, No. 81, of 1902, proved too 
soft for service conditions, they are now being made of steel and then 
heavily nickel plated. The guard will, for the same reason, be made of 
bronze, heavily nickel plated. The black nickel scabbard for officer 
has been abolished. 

SMALL-ARMS ABfMUNITION. 

The ball cartridge, model of 1903, has been perfected and manufac- 
tured in quanity during the year. 

Ouard cartridge. — ^The multi-ball cartridge, caliber .30, has been 
replaced by a " Guard " cartridge having a single lead ball, weighing 
156 grains. A sufficient powder charge is used in this cartridge to 
give the bullet a muzzle velocity of 1,150 feet per second. 

OaUery practice ca/rtridge^ caliber .30 — An elongated lead bullet, 
weighing 107 grains, provided with two cannelures for holding lubri- 
cant, has been substituted for the round ball. With this form of 
bullet much greater accuracy is obtained. 

Additional safeguards have been adopted to prevent the accidental 
packing of ball with blank cartridges. Hereafter each pasteboard 
box of 20 blank cartridges, when sealed, will be weighed, the differ- 
ence in weight between a service and a paper bullet being sufficient to 
enable the presence of one of the former bullets to be detected. In 
addition, the length of the blank cartridge, model of 1903, has been 
reduced one-tenth inch, and the machine for inserting cartridges in 
the clips adjusted so as to prevent the insertion of a ball cartridge in 
a clip loaded with blanks. 

Experiments have been made with a view of obtaining a suitable 
bullet for small arms and machine guns that will penetrate the hard- 
ened protective Mhieldn with which modern field artillery are provided. 
No success in this line has yet been attained. 

Batidol^r. — The experiments referred to in my last report, made 
to develop a cheap cloth bandoleer having six pockets, each containing 
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10 cartridges, have been completed, and hereafter all caliber .30 ball 
cartridges, models of 1898 and 1903, will be packed and issued in 
bandoleers instead of pasteboard boxes. 

The wooden packing boxes for ball catridges have l>een sufficiently 
enlarged to hold 20 bandoleers, or 1,200 cartridges. The boxes contain- 
ing model of 1898 cartridges weigh 92 pounds, and the model of 
1903, 99 pounds. This new box can be packed on an aparejo with 
facility and it enables one mule to carry 40 per cent more cartridges 
without undue burden. 

A distinctive colored label on the pasteboard boxes has been adopted 
for each kind of cartridge. 

SMALL-ARMS TARGET PRACTICE. 

The Firing Regulations for Small Arms, dated January 1, 1904, pre- 
scribed a number of new targets which were made and issued in time 
for this year's target practice. As the adoption of a primer composi- 
tion containing no fulminate of mercury, and of improved methods of 
manufacturing cartridge cases has overcome the splitting of the latter 
when fired a few times, the practicability of reestablishing the sj^stem 
of reloading ammunition by troops is under investigation in order 
that the expense incident to the increased allowance per man for target 
practice may be reduced as nuich as possible. The privilege of 
exchanging empty cases for new ammunition has been extended to the 
militia of the several States and Territories. A number of targets 
have been made in accordance with a design submitted by Maj. C. H. 
Murray, Fourth Cavalry, and issued for trial. The reports so far 
received indicate that it is superior to existing designs. 

EQUIPMENTS. 

The adoption of the new rifle for all arms of the service rendered 
neceasary a new design of gun sling and of scabbard, both of which 
are being manufactured. The gun sling was shortened so as to pro- 
vide only two thicknesses of leather except near the butt swivel. The 
manufacture of the new cartridge belt described in my last report has 
been continued during the year and the limited experience so far had 
with it has been satisfactory. A new woven strap has been adopted 
for attaching the canteen to the belt, which will replace the leather 
canteen strap heretofore issued to the cavalry. Pouches for the first- 
aid packet are being made in quantity in accordance with the design 
of Lieut. Col. John Van R. Hoff, Medical Department 

jRvsset lecUh^. — Equipments made of the stuffed russet leather pre- 
scribed by General Orders, No. 81, 1902, soiled the soldiers' clothing to 
such an extent that it was found necessary to adopt a leather contain- 
ing even less oil than that referred to in my last report. The greater 
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part of the leather equipments so far made during the present calendar 
year have been made of this new leather. It is believed that the 
khaki and olive-dmb uniforms prescribed by the same order show 
grease stains much more plainly than the blue. A process was devised 
at Itock Island Arsenal by which nearly all the oil in the first leather 
can be removed, and orders have been given to apply it to a sufficient 
number of the different leather equipments, which, with those made of 
the new leather, will enable all of the older in the service to be replaced. 
The equipments thus replaced will be cleaned and stored as part of the 
reserve supply, since the oily leather keeps much better in storage. 
The manufacture for sales to officers of sword belts and dispatch cases 
of pigskin has been approved by the Chief of Staff. 

With a view to improving the equipment. General Orders, No. 81, 
1902, directed the manufacture of ceitain articles for trial. One thou- 
sand each of cups and meat cans were made of aluminum and issued to 
troops in the Philippine Islands. The reports were in general favora- 
ble in regard to the meat cans, but much complaint was made of the 
retention of heat by the cups and particularly by their handles, due to 
the high conductivity of aluminum. Tests were therefore made at 
Kock Island Arsenal to ascertain the extent to which this defect could 
be mitigated. As the use of a tinned steel handle with fiber washers 
between the handle and the aluminum body was found to remedy this 
defect, 5,000 cups are being made for f uilher trial. This latter cup 
weighs 41 ounces and the present design 7^ ounces. The new meat 
can weighs 9i ounces and the present design 15i ounces. As no com- 
mercial method is known by which aluminum can be soldered, canteens 
of the present shape could not be made for trial. 

One thousand each of experimental watering bridles, combination 
halter bridles, Pelham bits, and picket pins of two different designs 
have also been manufactured and issued to the service for trial. As 
soon as reports have l>een received from all the organizations by which 
they were tested they will be submitted to the Chief of Staff for his 
action. 

SERVICE GUNS AND MORTARS. 

These have been maintained in a satisfactory state of efficiency. 
The new firing mechanisms referred to in my last annual report are 
now being assembled, and this work will continue in the different 
armament districts as rapidly as possible. Efforts to improve the 
rapidity of fire of seacoast and other guns have not been relaxed. The 
direction of such efforts during the year has principally been con- 
fined to mechanical rammers, automatic breech openers, and desirable 
changes in details of existing mechanism. 

An experimental mechanical rammer was designed and tested with 
a 12-inch B. L. rifle on a 12-inch disappearing carriage, L. F., model 
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of 1901. The object of this device is to decrease the time and labor 
required to seat the projectile and powder charge in the chamber of 
the gun. it consists of a car, traveling on a circular track on the load- 
ing platform of the emplacement, and carrying separate loading trays 
and rammers for the projectile and powder charge. The force 
required for seating the projectile in the bore is obtained from springs 
compressed by hand power between shots. The powder is seated by 
a rammer actuated by hand power only. The results of the tests of 
the device showed (a) the projectile was discharged into the gun at 
such high velocity that hardened-steel projectiles would injure the 
nfling and parts of the bore about the entrance to the projectile seat; 
(b) with the present form of powder grain and quantity required for 
full charge, that all sections of the charge can not be inserted simulta- 
neously. The device will be altered so as to insert and seat the pro- 
jectile at a lower velocity, and subjected to further tests. The diffi- 
culty of inserting the powder charge in one opei'ation would, it is 
believed, be overcome by the substitution of rods for the present 
grains of powder. 

An experimental mechanical breech opening and closing device has 
also been dcvsigned and made. It is now being tested on a 12 inch B. L. 
rifle mounted on a disappearing carriage. 

EXPERIMENTAL GUNS. 

lO'inch Brown aegmerUal'tvhe wire gun. — This gun was constructed 
and is being tested under allotments made by the Board of Ordnance 
and Fortification. It was completed some time since and the test under 
a programme of firing 100 rounds commenced. Since November, 1903, 
when 15 rounds had been fired, the test has been discontinued, owing 
to the disabling of the locking device of the breech mechanism in 
firings about that date. Some changes in this device will be required, 
and this office is informed that steps are to be taken by the company 
with a view to the removal of the gun to the Scott Foundry, Reading, 
Pa., for this purpose. 

6'inch Brawn aegmental-tuhe wire gun, — ^The cost of the manufacture 
and test of this gun will be defrayed from allotments made by the 
Board of Ordnance and Fortification, This gun and mount was deliv- 
ered at the Sandy Hook Proving Ground for test October 4, 1904. 

6-inch wire-wound gun^ Ordnance Department design, — ^This gun is 
now under construction at Watervliet Arsenal, the cost of its manu- 
facture and test being defrayed by allotments from the Board of 
Ordnance and Fortification. The manufacture is proceeding satisfac- 
torily, and it is expected to be delivered at the proving ground for 
test about November 15, 1904. 

Sefimautomatic IB-pounder R, F, gun and mount, — This gun will be 
manufactured and tested under allotments from the Board of Ordnance 
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and Fortification. The gun is of higher power than guns of the same 
cali>>er which have been heretofore manufactured, and the semiauto- 
malic breech and firing mechanism follow designs submitted by the 
United States Ordnance Company. This gun and mount should be 
completed and ready for test during th^ fiscal year 1905. 

Seniiautofnatic 6-poun<ier guns. — Allotments were made by the 
Board of Ordnance and Fortification during the present fiscal year for 
the purchase of several types of these gunjj with power to give to the 
projectile a muzzle velocity of 3,000 feet per second. Proposals have 
been invited and contracts made for the construction of four guns and 
mounts complete, the chambers of the guns being designed to permit 
the use of ammunition prescribed by this Depailment. These guns 
should be completed and delivered at the Sandy Hook Proving Ground 
in the early part of 1905, and their test will be undertaken inunediately 
thereafter. 

MOUNTAIN ARTILX.ERY. 

The completion of the remaining carriages which are being made 
at the Watertown Arsenal for the 75-millimeter mountain guns and 
of the pack saddles under manufacture at the Rock Island Arsenal 
will provide 120 mountain guns, carriages, and sets of pack outfits. 
Although these carriages are of recent design, the practicability will 
be investigated of altering them so as to increase the length of recoil 
of the gun on the carriage, to make the latter more stable during fir- 
ing, thereby increasing its rate of fire. A sufficient number of pack 
saddles are being made to provide each gun with 18 saddles, enabling 
100 rounds of ammunition to be carried per gun. f^h battery will 
be provided with two additional saddles for saddlers' and farriers^ 
tools. 

MOUNTAIN GUNS AS FIELD MORTARS. 

Experience in the Philippine Islands indicates the desirability of 
firing mountain guns at higher angles of elevation than originally con- 
templated by existing designs. In order that proper pkns nmy be 
made for the use of these guns in this manner, experiments ai*e now in 
progress to determine the number of ponder charges required, with 
proper overlap of zones of fire, to cover the field within the range of 
the guns under conditions considered to be necessary for the proper 
realization of the effect desired. In view of the lack of adaptability 
of fixed anmiunition to the possible i*equirements of such service, con- 
sideration will be given to the subject of separate loading for this 
purpose, in connection with arrangements required for packing it. It 
is recognized that to realize efficient service from such material a num- 
ber of changes are required, and the tests in progress have for their 
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purpose the determination of these changes in connection with the 
acquirement of additional knowledge in regard to the effectiveness of 
these guns in high-angle firing. 

FIELD ARTILLEBY. 

The manufacture of the 3-inch field artillery materiel has progressed 
satiMfactorily during the year. The difficulty referred to in my last 
report of obtaining the superior quality of materials required in its 
construction has been overcome with the exception of the counter- 
recoil springs and panorama sights. All of the materiel except these 
two articles is being procured in this country. Repeated efforts 
have been made to interest American manufacturers in the making of 
the two excepted articles and, it is believed, with success. Appropri- 
ations have so far been made for 26 complete 3-inch field batteries for 
the Regular Army and 26 batteries for the Militia, all of which are now 
under manufacture, except 6 guns, carriages, and limbers, which have 
been completed and issued. The remainder should be finished by 
October 1, 1906. The pilot 3-inch carriage was completed and proof - 
fired at Rock Island Arsenal last December, and was then sent to the 
Sandy Hook Proving Ground for further test. There have been fired 
from it 787 rounds. As the margin of stability of the carriage for 
horizontal fire was found to be greater than necessary, the lengtii of 
recoil of the gun on the carriage was reduced from 48 to 45 inches. 
The action of the .carriage with the 46 inches of recoil was highly 
satisfactory. 

The design of the sights for this carriage was completed after much 
study, and sights are now being made at Frankford Arsenal for all car- 
riages under manufacture. The sighting apparatus differs materially 
in design and operation from that previously used in our service; the 
principal difference consists in the provisions made for indirect laying 
of the gun and for setting it in elevation from either side of the piece. 
This latter provision enables the piece to be kept constantly on the 
target, and results in an increased rate of fire. On the left side of the 
carriage there are an open front sight, with cross wires, and a rear 
sight, the shank of which carries a peep and a panorama sight. The 
latter sight has a 1-inch objective, a field of view of about 10^, a mag- 
nifying power of 4 diameters, and forms the image erect. The axis 
of the objective is 5.6 inches above that of the eyepiece, and by 
means of worm gearing can be rotated through any angle about the 
vertical axis of the telescope. A glass reticule is provided with hori- 
zontal and vertical cross lines, and two additional horizontal lines, 3 
and 6 milliemes, respectively, above the horizontal line. The rotating 
part carries a disk graduated to 64 points, each point being 100 mil- 
liemes. The rotation of the eyepiece is effected by means of a wonn 
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provided with a micrometer giving a least reading of 1 milli^me or 
one one-th6usandth of ttie range. The shank can be swung laterally 
to correct for differences in level of the wheels; it has an elevation 
scale graduated in yards, and a deflection scale graduated in points. 

The range quadrant on the right side of the piece has adjustments 
for correcting for differences in level of the wheels and for the angle 
of site. It is graduated in yards. A battery commander's t^jjicope 
is now undergoing trial; its telescope is similar to that of the pw^vitma 
sight and has vertical and horizontal scales graduated to the same unit 
&s the panorama sight. 

The different breech mechanisms for field guns referred to in my 
last annual report have been tested for the purpose of ascertaining 
their relative merits and to develop desirable features for adoption in 
future manufacture. The report of the Ordnance Board on this sub- 
ject is contained in Appendix VI of this report. The results of these 
tests indicated that the mechanism of the present 3-inch guns, model 
of 1902, is of a safe type and fitted to render efficient service. The 
opinion was expressed, however, that it could with advantage be 
replaced by a simpler type involving less care in maintenance and 
less expense in manufacture. Of the designs tested, the Tasker, sub- 
mitted by the United States Ordnance Company, was found to possess 
marked advantages over the others, and arrangements are now being 
made with a view to the utilization of this design in field guns to be 
manufactured this year. 

The preparation of general designs of a 3.8-inch field gun and car- 
riage and of a 2.38-inch field gun and carriage was assigned to the 
student officers of the Sandy Hook Proving Ground as part of their 
instruction, and was creditably completed by them. This design of 
the 3.8-inch field carriage was sent to Rock Island Arsenal, where 
detailed working drawings were prepared by Capt. George W. Burr, 
Ordnance Department, which are now undergoing final examination. 
The 2.38-inch gun and carriage will also be used around seacoast 
forts, as recommended by the Board of Ordnance and Fortification, 
Deceml>er 3, 1903. 

Upon its completion the automobile forge and batter}^ wagon referred 
to in my last annual report was successfully run from Jersey City, its 
place of manufacture, to this city under adverse conditions of roads, 
and was further tested on the various roads in this vicinity. During 
the summer it was issued to the battalion of field artillery at Fort 
Myer, Va., for further test during practice marches and the Manassas 
maneuvers. The wagon when fully equipped for the field weighed 
about 12,000 pounds, which was too great for the bridges and culverts 
found on the average country road. Much valuable information and 
data were obtained from the building and operation of this wagon, 
which are l>eing utilized in a new design under preparation in this 
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office. The new wagon will carry complete machinist's, carpenter's, 
saddler's, and farrier's tools, and a limited quantity of supplies, but no 
spare parts, etc., for the battery. This will enable the weight of the 
loaded vehicle to be reduced to less than 8,000 pounds. The motive 
pc||rer will be supplied by four cycle gasoline engines, as in the eariier 



v&Jr rapidly as the present 3.2-inch is replaced in service by theS-^inch 
field materiel it is proposed to thoroughly overhaul and repair the 
former, preparatory to its storage as part of the resei*ve supply, until 
a sufficient supply of the later design is obtained. 

EXPERIMENTAL FIELD MATERIEL. 

Although a satisfactory system of field artillerj'^ has been adopted, 
the policy Of the Department to continue tests of promising designs 
has been continued. 

Sraall-caliher field gun. — Claims having been made that a field gun 
of about 2 inches in caliber, mounted upon a long recoil carriage and 
firing high explosive shell weighing about 5 pounds, would in a given 
interval be more effective than a 3-inch field gun firing shrapnel, tests 
were made during the year for the purpose of securing information 
and arriving at an opinion in regard to the relative value and service- 
ability of such material. These tests have not sustained the claims 
above mentioned. On the contrary, the rapidity of aimed fire from 
these two guns not being very different, the relative value of their fire 
is to be regarded as more nearly proportioned to the weights of their 
respective projectiles, especially when it is considered that tlie 3- inch 
gun will fire both a 15-pound high explosive shell and 15-pound 
shrapnel. The usefulness of the small-caliber explosive shell is appar- 
ently restricted to destructive effect by direct projectile hits upon 
exposed materiel, such as field guns, caissons, houses, etc., since its 
explosive charge is not sufficiently powerful to be of nmch value in 
breeching effect. 

The pattern of such small caliber shell exploded in flight is similar 
to that of the 15-pound shrapnel — i. e., the fragments are projected 
forward in a similar cone of dispersion. The shell was, however, of 
slight value in its effects against troops in the open, since the action 
of its percussion fuse was such that the burst occurred frequently on 
impact with the ground or after ricochet on a rise of a few feet only. 
Its value in this respect would probably have been improved by having 
a longer delay action in the fuse. The form of the cone of dispersion 
due to the small bursting charge was such that the shell could not 
be used for searching effect on troops in ditches or behind parapet. 
Capacity to accomplish this purpose is generally regarded as the chief 
reason for employing high explosive shell with field guns. It may be 
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remarked that the plans of this Department contemplate the use for 
field purposes of a lighter gun than the 3-inch gun now under numu- 
facture, and it is proposed to make the caliber of this gun 2.38 inches, 
the projectile for which will weigh 7i pounds, this being considertd 
the smallest caliber which can employ an efficient shrapnel. 

The latest designs of 3-inch field guns and carriages of the Bethle- 
hem and Ehrhardt types were also tested during the year. 

SIEGE ARTILLERY. 

A 4.7-inch siege gun and long recoil carriage has been designed and 
the carriage partly completed during the year. When finished, they 
will be thoroughly tested prior to their manufacture in quantity. The 
gun fires a 60-pound projectile with a muzzle velocity of 1,700 feet per 
second, and has a recoil of 66 inches on the carriage. A 67inch siege 
howitzer and carriage is being designed in this Office, and when com- 
pleted a pilot carriage and howitzer will be built for test. In order 
that full advantage may be had of the experience gained at arsenals in 
the manufacture of carriages, and to give different officers the profes- 
sional benefit derived from designing ordnance material, the designing 
of a 6-inch howitzer carriage was assigned to and completed by Capt. 
Lawson M. Fuller, Ordnance Department, while on duty at Rock Island 
Arsenal, and that of a 4.7-inch howitzer carriage to Capt. Golden L'H. 
Ruggles, Ordnance Department, on duty at Watertown Arsenal. The 
first design has been completed and is a creditable production; the 
second is not completed. 

A board of artillery officers having recommended that the wheels of 
siege carriages and limbers be provided with tires 5 instead of 4 inches 
in width, tests were made at Rock Island Arsenal with a 7-inch siege 
howitzer carriage and limber with wheels having tires 3, 4, 6, and 6 
nches in width on seven different kinds of roads. A description of 
the roads, material, and method of making the tests, and the results 
obtained, forms Appendix III. The results of the tests show that 
although the wider tires are less destructive to roads, the 4-inch tire 
requires less tractive force and is better suited for siege artillery than 
5 and 6 inch tires. 

SEACOAST CARRIAGES. 

The manufacture of seacoast carriages during the year has pro- 
gressed to the extent permitted by appropriations for the purpose. 
In addition to the carriages being manufactured at arsenals, contracts 
exist with the following private manufacturers, namely: 15-pounder 
guns and carriages and 4i-inch shields, with the Bethlehem Steel Com- 
pany; 6-inch barbette carriages, model of 1900, with the Builders Iron 
Foundry; 5-inch barbette carriages, model of 1903, and 6-inch disap- 
pearing carriages, L. F., model of 1903, with the Morgan Engineering 
Company; 6-inch disappearing carriages, L. F., model of 1903^ with 
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the Mansfield Engineering Company, the Detrick and Harvey Machine 
Company, and the Wellman-Seaver-Morgan Company. 

The progress made in the manufacture of the 15-pounder guns and 
mounts has not been satisfactory. A satisfactory design of telescopic 
sight has only recently been submitted and approved. 

After much delay a contract was finally entered into for the 4i-inch 
shields required for the 6-inch barbette carriages under manufacture. 
In view of the experience had in the manufacture of this lot, no 
difficulty is anticipated in procuring shields for the 5-inch barbette 
carriages. 

The 6-inch disappearing carriage, L. F., model of 1903, is essentially 
a rapid-fii'e mount. The time required for the gun to rise into battery 
has been reduced to about three seconds. In the shop tests of several 
carriages this operation required only two and three-fifths seconds. A 
sighting platform and 3-inch objective telescopic sight are provided on 
each side of the carriage. On the left platform are handwheels for 
traversing and for elevating, and on the right a handwheel for travers- 
ing only. This enables each of the operations to be performed by a 
separate gunner when direct fire is used. Springs, which the upper 
ends of the gun levers compress during the last part of their rotation 
in recoil, accelerate the beginning of the return of the gun into battery. 

10-INGH EMERT DISAPPEARING CARBIAOE. 

In accordance with the provisions of the fortifications act approved 
April 21, 1904, it was directed on June 9, 1904, that the contracts made 
with A, H. Emery for one 12-inch depression carriage and loading 
apparatus be closed, and that a new contract be entered into with him 
for one 10-inch disappearing carriage to be furnished in place of the 
12-inch, together with its foundations, erection, and preliminary tests 
by him, ready for proof tests for the price of $84,383.02. The contract 
was made on June 13, 1904, and its construction was immediately begim 
by Mr. Emery, 

TELESCOPIC SIGHTS. 

Orders have been given during the year for 271 of the 3-inch objec- 
tive telescopic sights dcvscribed in my last report. Several minor 
changes in their design have been made. The design of a similar tele- 
scopic sight has been undertaken for application to all rapid-fire mounts 
in service. 

NEW DESIGNS AND PROPOSED ALTERATIONS IN SEACOAST CARRIAGES. 

As much time is consumed in applying a quadrant to a mortar each 
time it is laid in elevation, several diffei*ent designs of fixed quadrants 
and elevating devices have been made and tested. The design sub- 
mitted by Capt. £, P. O^Hern, Ordnance Department, was found to be 
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most satisfactory, and a number are being made for practical test during 
next year's army and navy maneuvers. The design of the safety firmg 
switch for mortar carriages has been completed and the switches 
ordered applied to all carriages in service. This switch positively 
breaks the firing circuit until the mortar is elevated to 45^, the lowest 
elevation at which mortar fire is had. 

All of the 12-inch disappearing carriages, L. F., model of 1897, will 
be provided during the coming year with complete electric traversing, 
retmcting, elevating, and depressing equipments; 3-inch objective 
telescopic sights, sighting platforms, counterbalance devices, etc., 
which will make them in all material respects the same as the 12-inch 
disappearing carriages, L. F,, model of 1901. All 12-inch disappear- 
ing carriages, L. F., model of 1896, in service are being equipped 
with electric retracting equipment. The retracting gears of the 8-inch 
and 10-inch disappearing carriages, L. F., model of 1894, are being 
redesigned and will be provided with wire retraction ropes. The only 
means provided on the 15-pounder barbette carriages, procured from 
the Driggs-Seabury Company, for moving the gun in azimuth, was the 
shoulder bar, which experience shows is not sativsfactory. A system 
of gearing for this purpose has been designed and will be applied to 
all carriages in service when funds permit. A multiple scale for range 
drums and pointer has been designed and a number will be issued 
for trial. The design allows the effect upon the range of all varia- 
tions in the muzzle velocity from the standard to be corrected for by 
data obtained from a trial shot. 

The investigations for verifying the accuracy of the formulae here- 
tofore used in the calculation of the throttling openings of the hydraulic 
recoil system of gun carriages, referred to in my last report, have 
been continued. A formula has been experimentally determined 
which, with those formerly used, allows for the contraction of the 
liquid vein, and has been practically tried in different carriages with 
excellent results. It is found that the flow of oil through the orifice 
varies materially with the form of piston used. These investigations 
will be continued. 

MAINTENANCE AND CARE OF THE ARMAMENT OF FORTIFICATIONS. 

The system of dividing the seacoast and field armament for main- 
tenance and improvement into districts continues to operate most 
satisfactorily and to save much time and unnecessary correspondence. 
It will be extended to include all the principal material furnished by 
this Department, such as range-finding instruments, powder, project- 
iles, etc. 

The results obtained from the installation of the small machine shops 
at the principal seacoast fortifications have demonsti'ated the economy 
of that method of making repairs and minor alterations. 



REPORT OF THE CHIEF OF ORDNANCE. 31 

DEFENSE OF INSULAR POSSESSIONS. 

Appropriations made by Congress at its last session provide for the 
commencement of the fortifications of the insular possessions. The 
needs of the Ordnance Department on account of this work are pointed 
out under the heading of Manila Ordnance Depot. 

RANOE-FIND»fG INSTRUMENTS. 

Contracts have been made during the year for 159 Swasey depres- 
sion position finders, type A, of which 40 have been completed. One 
hundred and fifteen Pratt's ballistic boards and 200 Whistler's plotting 
boards are being manufactured at Frankford Arsenal. At the sug- 
gestion of Major Whistler and Captain Hearn, Artillery Corps, a gun 
arm has been added and the azimuth circle changed, which makes the 
Whistler plotting board universal in its application and reduces the 
number required by one- half. A number of minor changes recom- 
mended by the artillery board have also been embodied in these boards. 
Standard designs of predicting scales, set^forward computers, and 
deflexjtion correction devices liave not 3 et been adopted. 

EXPERIMENTS TO DETERMINE THE DANGER OF IGNITION OF FIXED 

AMMUNITION FOR FIELD GUNS. 

These experiments were made with .30-caliber bullets and 1-pounder 
projectiles, the former being fired to strike cartridge cases of fixed 
ammunition for field guns with varying velocities corresponding to 
remaining velocities in flight. The charges in the fixed ammunition 
were in no case detonated. To ignite the charges, a velocity of 2,000 
feet per second in the .30-caliber projectiles was required. The 
1-pounder projectiles were fired with a charge to give velocities of 2,000 
feet per seconds, and while the powder in the cartridge cases was not in 
all cases ignited by the impact, this occurred often enough to show that 
it will be the probable result. After firing at single cartridges sus- 
pended in the air the 1-pounder projectiles were fired at a box con- 
taining ten cartridges. In one case only one charge was ignited, and 
it burned without setting fire either to the box or to the remaining 
cartridges, and in another case three cartridges were ignited and the 
resulting fire set fire to the box. During the burning of the box one 
other charge exploded; the remaining six were recovered without 
apparent injury. It is inferred from these results that there will be 
no danger of detonations from field cartridges by the impact of field 
artillery or small-arms projectiles. 

STREAKED FORGING8. 

The tests of streaked metal in gun forgings have been continued 
during the year. Streaks are, as a rule, of little depth, and attempts 
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to locate tangential test specimens in such a way that streaks could l)e 
subjected to test ])y tensile forces normal to their surfaces have been 
more or less unsatisfactory. By taking smooth cuts on the faces of 
rings, streaks are revealed in cross section as lines of varying length 
up to one-half inch or more, and, being of circumferential direction, 
radial specimens traverse the streaks in a favorable manner for test. 
The streaks thus appearing on the planed faces of the rings were 
numerous, not infrequently reaching five per square inch; but attempts 
to photograph them were unsuccessful. One piece of metal was planed 
to a thickness of 0.2 of an inch; a prominent streak was revealed and 
three i*adial specimens were taken across it. Several specimens fi'ac- 
tured along the line of this streak, with a reduced elastic limit and ten- 
sile strength and very little elongation and contniction of area. It is 
true that the contraction and elongation of specimens taken at right 
angles to the direction in which the metal is principally drawn by forg- 
ing are not expected to be so great as these chai"acteristics in speci- 
mens taken with axes parallel to that direction; but the elongation 
and contraction of metal sound in the ingot should not be so reduced 
or affected in any dirc(;tion !)y forging as to var\^ in metal forged in 
the same way by the same manufacturers from practically nothing to 
ahiiost as much as shown ])y the best specimens taken with axes par- 
allel to the direction in which the metal was drawn, nor should sound 
metal be so affected by proper forging as to lower its ductility in any 
direction far ])elow that which should be displayed by ordinarj'^ steel 
castings. From a number of tests made upon metal received from 
abroad the results of the tests of the radial specimens were nearly equal 
to those of the tangential specimens. These records, while not numer- 
ous, serve to indicate that a defective i-adial specimen is not necessarily 
a natural consequence of forging steel. 

It can not be assumed that all streaks will be disposed with their 
surfaces concentric with the cross section of the forging, i. e., parallel 
to the principal stresses which will act on a hoop or tube when 
assembled in a gun. It is quite probable that some of the numerous 
streaks will be so deflected that their surfaces will take an inclination 
spirally toward the axis, bringing them across the direction of the 
principal stresses and thereby menacing the strength of the forging. 

The tensile tests now prescribed b}' the specifications show the phys- 
ical qualities of the metal resulting from its carbon content and heat 
treatment, but only by chance do they reveal the presence of a defect. 
Tests having for their special object a revelation of defects impairing 
the strength and ductility of forgings as a whole below what has been 
shown by the tensile test specimens are therefore necessary. It is 
])Ossible that a mandrel test may be the means for determining the 
presence of such defect^, and this test is under consideration. It is 
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considered to be less expensive and more comprehensive than a require- 
ment that as many small tensile specimens be tested as may be taken 
from the end of a forging. 

SMOKELESS POWDER. 

This Department has continued its investigation of smokeless pow- 
ders with a view to improving their qualities to enable them to be fired 
under pressures of from 40,000 to 45,000 pounds per square inch for 
the purpose of utilizing the strength of our service guns. It has been 
noted that some powders when fired at high pressures develop critical 
points in their pressure curves, or points at which the rate of evolution 
of gases suddenly increases for an increase of charge, resulting in 
excessive pressures, often exceeding the elastic strength of the guns. 
Early examination of some such powders indicated them to be normal, 
except that the material of the gmins appeared to be more brittle than 
those of other lots. When struck by hammer on an anvil or when com- 
pressed longitudinally in a vise pieces would break away from the 
grain with more or less violence, while grains from other lots of pow- 
der without critical points would be compressed to flat disks without 
breaking into separate and detached pieces. This quality of brittle- 
ness is considered to })e a source of danger, and the experhnents in 
regard to it have resulted in the introduction into the specifications for 
smokeless powders of a test to determine the toughness of the colloid. 
This test is as follows: Take 10 powder grains representing a lot of 
powder to be examined and cut off both ends of each grain at right 
angles to the length of the grain until the length equals the diame- 
t^r=l. Compress these slowly between parallel surfaces until the 
first crack appears. The decrease in length necessary to crack the 
grain is calculated as a percentage of the original length, and the aver- 
age must not show less than 45 per cent. A very good powder should 
show over 50 per cent. 

When attention wtxs first invited to the effect of brittleness it was 
suggested as being important that the relation between brittleness and 
percentage of volatiles be determined, and three samples of jx)wders 
having percentages of volatiles of 4.33, 3.73, and 3.33, respectively, 
were selected for test. When fired no critical points were obtained 
in any of the pressure curves. One of the samples was placed in the 
heating chamber and the temperature regulated at 120^, which was 
subsequently raised to 150^ and then to 180^ F. The heating was 
continued at intervals for about six months. The test indicated that 
under continued drying at high temperatures a maximum of quickness 
is reached after which, for some reason, the powder becomes either 
slower or weaker. An important deduction is that as long as powders 
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retain their normal percentages of volatiles from which they are with 
difficult}^ deprived, they should not give dangerous pressures in firings 
with service charges, and the toughness of the powders was found not 
to be materially affected by considerable variations in the normal per- 
centages of solvents. The Department has now under considei'ation 
a ix)ssible change in the form of the grain to increase the progressive- 
ness of the powder, and the necessary investigations ma}' even lead to 
a change in the comjx)sition. 

The reserve supply of ix)wder issued to posts is stored in hermet- 
ically sealed galvanized cases. These cases are effective, can be repeat- 
edly used, and have sufficient strength to permit of their being piled 
on their sides in tiers as high as the head room of magazines will per- 
mit. Some of the earl^^ forms of cases were sealed by balata washers, 
which were found to be unsatisfactory. -Means have been found by 
which these can be converted at a very slight expense into those of 
later model in which the sealing is done by a soldering strip, and the 
changes are being made as rapidly as possible. 

ETIIER-AIU MIXTURE. 

The presence of the odor of ether in magazines containing smokeless 
ix)wder has resulted in inquiries as to the dangerous nature of an ether- 
air mixture. This odor results from the escape of ether from stor- 
age cases which are not perfectly sealed, owing to the deterioration of 
the balata washers which were formerly used for this purpose. It has 
}>een found that a mixture of ether vapor and air becomes explosive 
when the proportion is 1.7 cubic feet of ether vapor to 100 cubic feet 
of air, leading to the conclusion that ether vapor is never present in 
our powder magazines in sufficient quantit}^ to form an explosive mix- 
ture with air. When the changes in the cases having balata washers 
have })een completed, the odor which has heretofore been present will 
probably disappear. 

FUZKS. 

Experiments during the year have been principally with centrifugal 
fuzes. Sevenil tests have })een made of experimental lots of Frank- 
ford Arsenal combination fuzes. The difficulty in igniting the time 
train, which was encountered in the first model, has been entirely 
removed. There is, however, a tendency to burn with occasional 
irregularity when set above ten seconds. Difficulties in controlling 
and regulating the burning of the |X)wd(»r time train for combination 
fuzes have led inventors to attempt to devise a mechanically operated 
time fuze, but the results so far, although interesting, have not been 
successful. Two fuzes of this class have l)een tested durinj- the year, 
the test of one being still in progress. This class of fuze is intended 
to be operated by the rotation of the projectile during flight. 
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ARTILLERY TARGET PRACTICE. 

Recent orders prescribing the annual allowance of annnunition for 
artillery practice require a reduced amount for guns of larger caliber 
and an increased amount for subcaliber tubes, for the purpose of 
giving larger experience in fire-command practice. The present 
scheme of practice with subcaliber tubes contemplates the manning of 
two guns in every battery and four mortars in eveiy mortar battery 
at any one post in an artillery district at the same time. Since it is 
planned to transfer tubes and fixtures from one post to another in the 
same artillery district, it is expected that this method will result in a 
reduction in the originally estimated cost of providing them. The 
service of subcaliber tubes with guns on disappearing carriages 
requires the use of platforms on which cannoneers can stand to load 
the piece. Such platforms have been designed and are now under- 
going test. The design contemplates the permanent attachment of 
certain jmrts to the gun and carriage, to which the platform can be 
hooked. A few additional fixtures will be required, and arrange- 
ments for their purchase are now being made. Steps have been 
taken to make cast-iron projectiles for target practice similar in form 
and weight to the steel armor-piercing projectiles, and a sufficient 
number of the former will be on hand to permit their use after July 
1, 1906. 

Point-fused, large-capacit}^ shell for 1-pounder subcaliber tubes 
have been tested satisfactorily, and a large number are now under 
manufacture. 

Similar shell for 75-millimeter tubes have failed to meet the expec- 
tations of this Department, owing to the failure of the shell to buist 
sufficiently near the surface of the water at high angles of elevation to 
permit the smoke of the bursting charge to be observed. When these 
shell have been fired for impact through board screens or on the beach 
or on water, within the ricochet anglej the results have been satis- 
factory. When the artgle of fall has been beyond the ricochet angle, 
however, all fuses have failed to work, or the}^ have exploded too far 
below the surface of the water to be of any use in promoting visibility. 
For the present, therefore, the 75-milIimeter subcaliber shell will be 
issued sand loaded, without fuse. Experience indicates that the point 
of striking the water under these conditions can be observed at usual 
ranges if the approximate point of striking is known in advance. In 
the meantime attempts will be made to use a base fuse in these shell 
with less delav action, to make the shell burst before they are too deeply 
submerged. 

ARTILLERY TARGETS. 

Improvements have been made during the year in the heavy-gun 
and rapid-fire targets for artillery practice. Tlie latter is intended to 
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be li i t and is sometimes called ' ' material target. " The f oniier marks oflf 
a distance of 150 feet, the lenfjth of the superstructure of a 360-foot bat- 
tle ship, and is constructed to assist in locating shots and not to lie hit. 
The trials indicate that the heavy -gun targets can be towed in tandem 
150 feet apart at any practicable speed and in any sea that will not carry 
away the canvas, and that the flag line joining the mastheads can be kept 
sufficiently taut without causing the rear target to sho^f a tendency 
to dive. If anchored, either target will support at least 300 fe^t of 
anchor rope. The mpid-fire target consists of a flat area of cloth 20 
feet long and 5 feet high, alx)ut 2 feet in the clear above the water. 
The cloth is painted red and the framework can be quickly repaired 
when any portion of it is shot away. Trials have indicated that this 
target has a satisfax'tory buoyancy when towed at all practicable 
speeds, even in rough water. If the necessary precautions are taken 
in moving the tiirgets to and from the water, in adjusting the ropes 
for successful towing, and in preserving the targets during stoi^age on 
land, it is thought that they will prove economical forms for service. 

DUMMY PROJECrriLES. 

A change in the form of the dummy projectiles has l)een found neces- 
sary to protect the rifling of the guns near the ])owder chamber. The 
cast-iron bodv of the original projectiles not onh' struck the rifling at 
the bourrelet, })ut also on the cylindrical part of the body. The new 
pattern is provided with a bronze band at the bourrelet and has a 
reduced diameter of body- to prevent contact with the rifling at the 
slope. 

SMALL c. 

The determination of data for range tables for service guns has 
involved a large amount of firing at numerous i*anges, owing to the 
fact that the coc^flicient c is found not to l>e const^int. This coef- 
ficient was introduced into ballistic (equations for the purpose of mak- 
ing them apply to projectiles of varying fonn. For a standanl 
projectile this coefKcient has been taken as unity, and for a projectile 
oflering greater or loss resistance in flight it would be greater or less 
than unity. Firings so far have not succeeded in establishing the law 
of variation of the value of this coefficient. In some cases it has its 
least value at the shortest mnges, increasing to the maximum range. 
In other cas(\s the value decreases as the range increases, while 
occasionallv a maximum has been reached a little bevond mid rancre. 
These variations of value roijuire a sufficient numl>er of targets 
to establish a curve of values of this coefficient as a function of 
the range, it being desirable to incorj)orate the varying values of this 
coeflicient in range tablets, instead of using a constant value, as has 
been the practice heretofore. 
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RANGE FIRING WITH MORTARS. 

The present scheme of range tiring from seacoast mortars contem- 
plates the sweeping of the field of fire from a range of 3,000 yards to 
the maximum range of the mortars. The field between these limits is 
divided into ten zones, requiring ten different powder charges. At 
present the maximum range obtainable is 10,800 3ards, due to the 
inability to fire the mort-ars with sufficiently large charges to give the 
requisite muzzle velocity for longer ranges, owing to weaknesses which 
have developed in certain parts of the mount. To remedy this and 
also increase the angle of elevation to 70' , parts of the mount have 
been redesigned. The principal changes consist in placing on each 
side of the mortar opening in the racer a girder on which the recoil 
cylinders are tninnioned, and in replacing the five throttling holes 
with continuous throttling grooves cut in the walls of the recoil 
cylinders. When these alterations have been made it will be possible 
to sweep the field of fire from ranges of about 2,000 to 11,400 yards, 
and the number of zones required can be reduced to six, or possibly 
to five. This is particularly advantageous on account of the reduction 
in the large number of powder charges required by the existing 
scheme. Under the proposed plan 1,000-pound projectiles will be 
used with five different charges of powder from the shortest to a 
maximum range, the angles of elevation varying between 45° and 70°, 
except that with full charges the highest angle of elevation will be 
limited to 65°. On account of this limitation it may be found possi- 
ble to omit the girders, which it has been proposed to add to the car- 
riages. Eight-hundred-pound projectiles will be used for the outer 
zone only, to extend the ranges requiring full charges and velocities 
of 1,325 feet per second, with elevations between 45° and 66^, 

Attention is invited to the report of the Ordnance Board in regard 
to this firing, which is made Appendix V of this report. Recent firings 
with these mortars indicate very clearly that the drift of mortar shell 
is to the left for angles of elevation between 60° and 70°. The point 
of crossing from left to right of the plane of fire seems to vary some- 
what with different projectiles, but all of the curves cross before the 
elevation drops nmch below 60°. The drift to the right seems to be a 
maxinumi for an elevation of about 55° and to then decrease, showing 
a marked tendency to recross the plane of fire for an angle less than 
45°. In order to investigate this tendency more fully and at less 
expense than that which would result from firings from 12-inch mor- 
tars, a series of firings was made from the 75-millimeter subcaliber 
tube in the 12-inch mortar to include all angles of elevation between 
5° and 70°. These latter firings indicate that for the atmospheric con- 
ditions existing at the time of the test the 75-millimeter projectiles 
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did not at high angles of elevation show a drift to the left of the plane 
of fire. A tendency of the projectiles to go to the left was, however, 
apparent. 

DEFLECTION OF 12-INCH TORPEDO SHELL. 

In order to determine whether 12-inch torpedo shell on striking 
water are deflected toward the surface at an}" angle of fall, a series of 
experiments have been inaugumted to embrace the action of projec- 
tiles on water impact from the .30-caliber bullet to the largest pro- 
jectile the trajectory of which under water can be recorded. The 
firings from a .30-caliber rifle were made from a rest, the inclination 
to the surface of the water being varied; for each inclination a charge 
was used to give initial velocities to projectiles of 500, 700, 900, and 
1,100 feet per second. Thin vertical screens of suitable material were 
placed near each other and under the water, and the holes made by the 
bullets in passing through enabled the trajectory to be plotted. The 
results indicate that the small-arms bullet is first deflected downward 
toward the normal and then shows a decided tendency to move away 
from it. In several cases the trajectory, due to this movement, passed 
the prolongation of the axis of the piece. The energy of the bullet is 
so rapidly dissipated it is difficult to say how much this movement 
toward the surface of the water might amount to in a projectile 
weighing 1,000 pounds. It was observed, however, that the tendency 
of the bullet to rise to the surface of the water increases as the angle 
between the line of fire and the surface of the water decreases. It is 
apparent that for some angles less than 15^ the bullet will enter and 
emerge after traveling some distance under the water. For an angle 
of fall of 15^^ the .30-caliber Imllet, with a striking velocity of 500 feet 
per second, travels horizontally about 100 calibers after penetrating to 
a depth of about 23 calibers. These figures arc not materially changed 
by increasing the striking velocity to 1,100 feet per second. 

If the 12-inch armor-piercing shell loaded with high explosive and 
fired at extreme range at which it would have an angle of fall of 
approximately 15"-^ should travel 100 calibers and not penetrate more 
than 23 calibers below the surface of the water, it is evident that the 
probable damage to a battle ship would be nmch greater for the shell 
striking 100 feet short than for the shell striking the ship, assuming, 
of course, that the percussion fuze in the shell is adjusted not to act 
on water impact, which is practically the case with service fuses, which 
will be used. It will be borne in mind that any departure of the sea- 
coast projectiles from the tangency to the trajectory will increase the 
chances for reaching the hull of a battle ship by striking the water 
short of the battle ship, since the increased surface of the shell strik- 
ing the water would give a stronger tendency to upward deflection. 
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It having been correctly assumed that the dimensions of the target for 
a mortar shell are increased by twice the effective mdius of the shell 
when exploded under water, the principal lesson from these experi- 
ments is that with shell tired from high-power guns the dimensions of 
the horizontal target may be increased 100 calibers by the shell striking 
short of the target. The results of the experiments with the .30-caliber 
bullet have in general been confirmed b}^ firings made from the 6- 
pounder gun, and firings from guns of larger caliber are in progress. 

CAPPED AND UNCAPPED PROJECTILES. 

Under allotments from the Board of Ordnance and Fortification 
this Department has been conducting experiments upon deck armor of 
3i inches and 4i inches thickness, with 8-inch, 10-inch, and 12-inch 
armor-piercing shell, capped and uncapped, at varying angles of im- 
pact, to determine the effect upon the armor, and also the relative value 
of the capped and uncapped shell in mortar firing. In these experi- 
ments the plates were required to fulfill the requirements of protective 
deck plates prescribed by the Nav}' Department. The plates were 
mounted on a strong oak frame and backing with the face of the plate 
in a vertical plane, making the desired angle with the direction of the 
axis of the bore of the gun, and at a suitable distance from the muzzle 
to interpose screens for measuring the velocity at each round. The 
charges used were determined to make the striking velocity in each 
case the same as the remaining velocity for an angle of fall equal to 
the angle of impact. With the 8-inch capped shell and a 3-inch plate, 
perforation was secured with an angle of impact of 25^, The 10-inch 
capped shell at 20^^ and the 12-inch at 15'^ both seriously cracked a 
4i-inch plate. The results of these firings lead to the conclusion that, 
for relatively thin plates at least, the capped is markedl}^ superior to 
the uncapped shell, even for very oblique angles of impact and rela- 
tively low velocities. 

In connection with this test one 12-inch armor-piercing capped shell, 
charged with high explosive and detonating fuse, was fired against a 
4i-inch plate, the angle of impact being 15"^. The percussion part of 
the detonating fuse was arranged without the delay-action feature, so 
that it would operate with as little delay as practicable following the 
impact of the projectile on the plate. The effect of the shell on first 
striking the plate was to make a glancing indent; the projectile then 
moved until its base w^as about 12 inches from the middle of the indent, 
and exploded in contact with or in close proximity to the face of the 
plate. The explosion was a high order of detonation, and the plate 
was complete!}' wrecked, the backing was nearly destroyed and moved 
G feet from its initial position, and swung round about 45°. 
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BREECH-LOADING SALUTING GUNS. 

In my last annual report I referred to the desirability of converting 
3-inch muzzle-loading guns to breechloaders for saluting purposes, 
owing to the occasional accidents resulting from the use of the former. 
During the year 20 guns have been converted and are now l>eing issued 
to the service. The breech-loading guns have a sliding breechblock 
similar to the Ilotchkiss !)lock, and will be mounted upon cast-iron car- 
riages arranged to be Iwlted to wooden or masonry platforms. The 
chauil)ers have been designed to use the service 6 -pounder saluting case. 

The powder used in saluting charges is a potassium nitrate compo- 
sition of modemte cost, and were it not for the amount of smoke going 
off at discharge would be satisfactory. The dissatisfaction resulting 
from the smoke has caused efforts to be made to substitute a smokeless 
powder, but so far powder makers in this country have not succeeded 
in their efforts to meet the wishes of the Department, owing to the 
occasional development of unsafe pressures. In this regard manufac- 
turers abroad appear to have l^en successful, since samples of smoke- 
less saluting powder recently obtained from them have been tested 
satisf jictorily. The registered pressures from these latter charges were 
about 3,800 pounds per square inch, indicating the powder to Ik? safe; 
and judged by the noise and absence of smoke it should meet all of the 
requirements of service, provided it has the proper stjibilit3\ At 
present saluting charges are placed in cartridge bags of raw silk fiber, 
but, when the issue of the saluting guns to the service is completed, it 
is planned to omit the bags and to place the powder directly into the 
cjises, holding it in place by wads. 

PRINCIPAL MATERIAL UNDER MANUFACTURE, INCLUDING THAT AT ARSENALS AND AT 

PRIVATE MANUKAtTURERfl. 



Mute rial. 



1-nounder HotchkiMs guns, 40 calibers 
loiiK 

2.96-inch (75 millimeters) mountain 
gUUM 

3-inch field rifles, model IWi 

3-inch R. F. guns, model 1903 

5-inch R. F. guns 

5-inch combined R. F. and disappear- 
ing gun 

6-inch R. F. guns 

6-inch wire- wrapped gun, experimen- 
tal 

6- pounder semiautomatic guns 

7-inch, .45 cAliber, nickel-steel rifles 
for Navy 

8-inch, .45 caliber, nickel-steel rifles 
for Navy 

10-inch rifles, model 1900 

12-inch rifles, B. L 

Convert wrought-iron M. L. rifles U* 
B. L. saluting guns 

4i-inch Knipp face-hardened steel 
shield 

Knipp face- hard en e<l steel plates, 92 
by 48 by 5 inches 



To hi' de- 
livered. 



Material. 



To be de- 
livered. 



10 

11 

36 
159 I 

1 I. 
21 i 

i 
1 
72 

1 
2 

24 

24 

6 

15 

120 

1 

3 



Projectilas 

Dummy projectiles 

Ball cartridges, calil>er .30, for artil- 
lery drill cartridges 

Powder, pounds 

Fuses 

Fuse setters 

Cartridge cases for fixed ammunition 

Pressure cylinders for cannon 

Standani star gauges 

12-inch disappearing carriages, L. F., 

model 1901 

10-inch disappearing carriages. L. F., 

model 1901 

6-Inch barlK'tte carriages, model of 

1900 

15-pounder barljette carriages, model 

ofl902 

15-pounder barbette carriages, model 

of 1903 

5-inch barbette carriages, model of 

1903 

6- inch disappearing carriages, L. F., 

mwlelof 1903 

75uiillimetermountain*guncarriages 



148,600 
327 

250,000 

504.529 

64,000 

12 

113, 173 

25, CO) 

4 

4 

12 

45 

GO 

1 

21 

70 
54 
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PRINCIPAL MATERIAL UNDER MANUFACTURE, INCLUDING THAT AT ARSENAI>< AND AT 

P RI V ATE M A N U FACTU RER.S — COD ti DUecl . 



Material. 



4.7-lnch siege carriage 

:3-inch fleld carriages, model of 1902. . 

3-inch field limbers, model of 1902 

'.i-ineh fleld caissons, model of 1902 . . . 

Forge limbers, model of 1902 

Battery wagons, model of 1902 

Store wagons, model of 1902 

Store- wagon limbers, modi^l of 1902 .. 

3-inch objective telescopic sights, for 
seacoast guns 

Panorama sights for 3-inch fleld car- 
riages, model 1902 

Battery commander's telescopes 

Front and rear sights for 3-hioh fleld 
carriages, nnjdel 1902 

Range quadrants for 3-inch tield car- 
riage, model of 1902 

Sights for different caliber seacoast 
guns 

Front and rear sights for 75-millime- 
ter mountain guns .^ 

Automatic machine guns, caliber .30, 
on tripod mounts 

United States magazine rifles, model 
of 1903 



To l>e de- 
livered. 



1 

208 

832 

624 

62 

52 

52 

52 

261 

170 
20 

208 

208 

152 

18 

90 

112,000 



Material. 



Cavalry sabers and scabbards 

Officers' sabers and scabbards 

Ball cartridges of all kinds 

Blank, dummy, gtuird. and gallery 
cartridges of all kinds 

Sets of infantry equipments 

Sets of horse equipments 

Sets of cavalry equipments 

Sets of artillery harness, lead, russet. 

Sets of artillery harness, wheel, russet 

Woven cartridge belts 

Sets infantry fencing equipments... 

Sets cavalry fencing ec^uipments 

Swasey depression position finders, 
type A 

Whistler plotting boards 

Pmtt's ballistic boards 

Pack saddles for caliber .30 machine 
guns .' 

Packsaddles for 75-millimeter moun- 
tain guns 

Arm racks, model 1903 rifles 

Gunners' badges 

Pouches for first-aid packets 



To be de- 
livered. 



20,000 

376 

26, 102, 148 

21,554,705 

17.870 

7,217 

15, 173 

1,968 

1,014 

123, 100 

700 

200 

119 
200 
115 

600 

1,152 

2,300 

1,700 

60,000 



BETHLEHEM STEEL WORKS. 

During the fiscal year the following work has been in progress at 
the Bethlehem Steel Works under the supervision of the inspector of 
ordnance at those works. Captain William H. Tschappat, Ordnance 
Department: 

1. One 5-incli combined rapid-fire and disappearing gun and carriage, contract of 

July 2, 1900; ehippe<l to the Sandy Hook Proving (iround, June 25, ItKM. 

2. One G-inch R. F. gun on pedestal mount, contract of January 11, 1901; 8hipi)ed to 

the Sandy Hook Proving Ci round, June 4, 1904. 

3. Ten 10-inch B. L. rifles and lifteen 12-inch B. L. rifles, contract of December l4, 

1901. During the year three 10-inch rifles and three 12-inch rifles were com- 
pleted and proved, completing all of the 10-inch rifles and eight of the 8-inch 
rifiea under this contract. 

4. One 4J-inch steel shield, contract of May 16, 1902; 8hip[)e<l to the Sandy Hook 

Proving (xround with H-inch gun and petlestal mount. 

5. Five shields for 6-inch R. F. gun carriages, contract of July 12, 1902; contract 

completed October 16, 190.S. 

6. One 4J-inch steel shieUl, contract of August 8, 1902. This shield has been under 

the inspection of the navy insi)ector. It is bent to shape l)ut not hardened. It 
is to l>e attached to the 6-inch pedestal mount manufactured under contract of 
January 11, 1901. A special cradle is required to attach this shield, and its 
at;tachment will be deferred until after the preliminary firing of the gun at the 
proving ground. 

7. Thirty 15-pounder, 3-inch R. F. guns and barbette carriages, contract of October 

15, 1902. No guns or carriages have been delivered under this contract. The 
company is experiencing some difficulty in providing proper artificial illumina- 
tion of the reticule of the telescope. One of these guns and carriages was 8hii)ped 
to the St. Louis Exix)sition March 30, 1904, and will Ixj returned to the manu- 
facturers for some improvements l)efore issue. Gun and carriage No. 4 of this 
contract were shipped to the St. Louis Exposition by the Bethlehem Steel Com- 
pany as one of their exhibits. 
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8. Fifty sets of nickel steel forgings for 3-inch field gun, model of 1902, contract of 
December 11, 1902. The thirty -two sets remaining under this contract were 
delivered by November 10, 1903. 
■ 9. Thirty 15-pounder 3-inch R. F. guns and barbette carriages, model of 1902, con- 
tract of December 29, 1902. Seven of these guns are completed except breech 
mechanism, and the material for the mounts is on hand except the counter 
recoil springs, shields, and sighting apparatus. 

10. One dummy breech mechanism for 15-pounder R. F. gun, contract of August 7, 

1903. The mechanism has been delayed on account of changes in design, but 
it is expected that it will be finisheil in a shart time. 

11. Fifteen sets of nickel steel forgings for 6-inch R. F. gun, model of 1903, contract 

of October 19, 1903. This contract expires on January 26, 1905. Four sets of 
forgings have thus far been delivered, practically on time. 

12. Sixteen sets of nickel-steel forgings for 3-inch B. L. rifle, model of 1902, contract 

of December 21, 1903. This contract expired on April 1, 1904. Twelve sets 
only have been delivered to date. 

13. Twenty sets of nickel steel forgings for 6-inch R. F. gun, model of 1903, contract 

of January 15, 1904. This contract expires on February 8, 1905. Four sets 
have been delivered. 

14. One shield, complete, with shield supports, for 15-pounder barl^ette carriage, 

model of 1903, contract of May 23, UK)4. This shield remains uncompleted. 

15. Besides the above, work has been in progress upon miscellaneous forgings and 

castings required by this Department and contractors. 

SCOTT FOUNDRY, READING IRON WORKS, READING, PA. 

One 6-inch R. F. Brown segmental tube wire-wrapped gun and 
mount, contract of January 13, 1903. This construction is under an 
allotment from the Board of Ordnance and Fortification. On June 30 
the gun had been assembled and rifled. The mount was alxiut 95 per 
cent completed. 

• The value of the material delivered for the Department during the 
fiscal V04ir was $448,517.72. 

INSPFXrrOR OF ORDNANCE, AKRON, OHIO. 

As contracts were entered into in the earl}^ part of the fiscal year 
with three companies in different parts of the State of Ohio for 40 
flinch disappearing carriages, L. F., model of 1903, and with other 
companies for miscellaneous material, an insj>ection oflSce was estab- 
lished in Columbus, Ohio. Capt. Lawson M. Fuller, Ordnance Depart- 
ment, was temporarily assigned to duty as inspector until the arrival 
of the permanent inspector, Capt. J. H. Rice, Ordnance Department. 
This oflUce was subsequently removed to Akron, Ohio, to which place 
the manufacture of 25 of the carriages was transferred, and has been 
charged with the inspection of material at the works of the following 
manufacturers, namely: Rarig Engineering Compan}^ Columbus, 
Ohio; Morgan Engineering Company, Alliance, Ohio; Mansfield 
Engineering Company, Mansfield, Ohio; WeUman-Seaver-Morgan 
Company, Akron, Ohio; Firth-Sterling Steel Company, Demner, Pa,; 
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Warner & Swasey Conipauy, Cleveland, Ohio; Crucible Steel Com- 
pany of America and Carnegie Steel Company, both at Pittsburg, Pa. 

Rarig Engineering Comjmny. — A contract was entered into on Au- 
gust 3, 1903, with this company for twenty 6-inch disappearing car- 
riages, L. F., model of J 903. The first carriage was to have been 
delivered on February 24, 1904, and the remaining nineteen carriages 
at the I'ate of one ever}- twenty days thereafter. The company expe- 
rienced great difficuly in obtaining acceptable- steel castings, which 
i*esulted in a controversy between it and the subcontractor for the 
castings. On account of the great delay resulting from the difficulty 
experienced by it in obtaining suitable material, a new contract was 
entered into with this company on August 5, 1904, by which the twenty 
carriages were to be completed by the Wellman-Seaver-Morgan Com- 
pany, Akron, Ohio, and a contmct was entered into on August 5, 1904, 
with this latter company to complete them at the original contract 
price. Under the terms of this latter contract the first carriage is to 
be delivered on September 15, 1904, and the remaining 19 carriages at 
the rate of one every fifteen working da} s thereafter. 

Morgan Engineer ing Company, — A contract was made with this 
company on August 3, 1903, for fifteen 6-inch disappearing carriages, 
L. F., model of 1903, and on April 28, 1904, another contract wjis 
entered into for ten 5-inch barl>ette carriages, model of 1903. 

This company has made satisfactory progress in the manufacture of 
these carriages. The first 6-inch disappearing carriage was completed 
on April 20, 1904, and shipped to St. Louis, Mo., for exhibition at the 
Louisiana Purchase Exposition. The second carriage was completed 
on August 15, 1904, and the remaining 6-inch disappearing carriages 
have reached such a stage of completion as to enable the company to 
erect and subject to the prescribed shop tests three carriages at the 
same time. 

The major part of the material required for the 5-inch barbette car- 
riages, model of 1903, has been delivered and the necessary jigs, tem- 
plets, etc., for their manufacture completed. It is believed that these 
carriages will be delivered on time. 

Mansfield Engineering Company, — On August 3, 1903, a contract 
was entered into with this company for five 6-inch disappearing car- 
riages, L. F., model of 1903. But little progress had been made in 
their manufacture when the company went into bankruptcy on April 
12, 1904. On June 20, 1904, an agreement was entered into h\ the 
receiver of the Mansfield Engineering Company with the Wellman- 
Seaver-Morgan Company, of Akron, Ohio, whereby the latter company 
was to complete the carriages as subcontractor, which agreement was 
approved b}^ the Department. Under the terms of this agreement the 
first carriage is to be delivered on January 5, 1905, and the remaining 
four by May 1, 1905. 
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Wellman-Seaver- Morgan Company, — This company is completing 
five 6-inch disappearing carriages, L. F., model of 1903, under an 
agreement with the receiver of the Mansfield Engineering Company, 
and also twenty carriages under the contract made with it on August 
5, 1904. 

Firth- Sterling Steel Comjyany, — On March 15, 1904, a contnict was 
made with this company for 1,65(> 6-inch rendable armor-piercing shot, 
and 936 5-inch rendable armor-piercing shot. Three lots of the 0-inch 
shot, representing 966 projectiles, have passed the ballistic test and are 
now being completed. All of the 6-inch shot have been machined and 
treated. Four hundred and forty-five of the 5-inch shot have been 
machined and 275 have been forged. 

The Warner & Swasey Cirmpany, — The following contracts have 
been made with this company, namely: February 13, 1904,40 Swasey 
dei)ression position finders, t} pe A; February 5, li)04, ten 3-inch objec- 
tive telescopic sights, model of 1904; April 18, 1904, two hundred and 
sixty -one 3-inch telescopic sights, model of 1904; April 18, 1904, 20 
battery commanders' telescopes. 

Twenty Swasey depression position finders, type A, have !)een deliv- 
ered and the remaining 20 were, on June 30, 1904, 75 |x»r cent com- 
pleted. 

On June 30, 1904, the first lot of the twenty-five 3-inch objective 
telescopic sights were 60 per cent finished and the remainder about lo 
per cent. The contract for the 20 battery commanders' telesco|x\s 
retjuires the company to complete and deliver I instrument for test 
prior to the completion of the remaining 19. This instrument was 
delivered on May 23, 1904, and is now undergoing test. 

Crumhle Steel Company of America. — On Ajiril 19, 1904, a contract 
was made with this company for 56 hardened ])rotective shields for 
3-inch field carriages, model of 1902, and 264 sets for 3-inch field 
caisson, model of 1902. On June 30, 1904, 3 sets of shields for the 
caisson had been delivered, 18 additional plates had passed the ballistic 
test, and about 300 additional plates were in proc(\ss of manufacture. 

Carnegie Steel Company, — On July 9, 1904, a contnict was entered 
into with this company for 32 sets of hardened protective shields for 
3-inch field carriages, model of 1902. 

MIDVALE STEEL WORKS. 

Capt. Ormond M. Lissak, Ordnance Department, performed the 
duties of inspector at the Midvale Steel Works, and at the works of 15 
other contnictoi-s in the vicinit}^ of Philadelphia, in addition to his 
duties as assistant to the commanding officer of Fmnkford Arsenal. 

During the year the Midvale Steel Works did work under 41 con- 
tracts with the Department and ordnance establishments, and under 13 
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contracts as subcontractors, all of which have been completed except 
one. Thirty-nine of the 51 contracts with the other 15 contractors 
have been completed. 

The principal material inspected by this office included 5,625 pro- 
jectiles of different kinds and calibers, 406,600 pounds of steel, 2,1^73 
feet of miscellaneous steel bars, 3,276 pieces of flange steel, 2,700 
pounds of steel wire, 985 springs, 3,538 miscellaneous forgings for 
guns and carriages, and t),971 miscellaneous steel aistings. 

THE DETRICK AND HARVEY MACHINE COMPANY, BALTIMORE, MD. 

On August 19, 1903, a contract was made with the Detrick and 
Harvey Machine Company, Baltimore, Md., for fifteen 6-inch disap- 
pearing carriages, L. F., model of^ 1903, which were to be completed 
before December 15, 1904. On account of the difficulties experienced 
b}" the company in obtaining early deliveries of the material recjuircd 
for their construction, the first carriage was not completed and deliv- 
ered until August 5, 1904. Two additional carriages are practically 
completed, and the work on the remainder well advanced. This 
company made a large number of jigs, templets, imd gaugej^, jiiid the 
quality of the work done by it has been excellent. These carriages 
are being insi^ected by Capt. Lawson M. Fuller, Ordnance Department, 
in addition to his other duties in this office. 

THE UNITED STATES RAPID FIRE GUN AND POWER C03IPANY — 

THE AMERICAN ORDNANCE COMPANY. 

The inspection work at the United States Rapid Fire Gun and Power 
Company, Derby, Conn., and the American and British Manufactur- 
ing Company, Bridgeport, Conn., has been in charge of Capt. W. S. 
Peirce, Ordnance Department, during the jear. The material under 
manufacture by the first-mentioned company under contracts with this 
department consisted principally of 15-pounder mpid-fire guns, car- 
riages, and ammunition. Alx)ut 8,000 rounds of 15-pounder steel-shell 
ammunition remain to be delivered, of which nearly all are machined 
preparatory to closing the base. The design of this shell was modified 
to adapt it for high-explosive bursting charges. The work was some- 
what delayed by this change, but the slow progress made is considered 
to be due in greater part to the lack of such effort on the part of the 
contractors, as might reasonably have been expected. The material 
now in progress of manufacture at these works consists of 15-pounder 
steel-shell ammunition and the conversion of twentj^-five 3-inch 
wrought-iron muzzle-loading guns to breech-loading saluting guns. 

The material under manufacture during the year by the American 
and British Manufacturing Company has consisted of small-caliber 
ammujiitioD, 1-pounder and 75-millimeter subcaliber tubes, 1-pounder 
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Hotchkiss guns, mounts, etc., and 3-infh tield guns. The progi'e^s 
made by this company and the times of delivery of the material have 
altogether been satisfactory. This company now has on hand the 
conversion of seventy-five wrought-iron muzzle-loading 3-inch guns 
to breech-loading saluting guns, and the work has been commenced. 

In addition to the material ordered by this office from the above- 
mentioned companies, that ordered by contractors for this department 
and by commanding officers of arsenals has been inspected before 
shipment. 

THE BUILDERS IRON FOUNDRY, PROVIDENCE, R. I. 

A contract was made with this company on August 30, 1902, for the 
construction of thirteen 6-inch barbette carriages, model of 1900, and 
the work was inspected throughout the year by Capt. Samuel Hof, 
Ordnance Department. 

The delay in the completion of these carriages is largely due to the 
difficulty experienced in obtaining* steel castings that fulfilled the 
requirements of the specifications. The first carriage was completed 
on May 26 and the remaining twelve are about 75 per cent completed. 

ROCK ISLAND ARSENAL. 

This arsenal was commanded throughout the year by Lieut. Col. 
Stanhope E. Blunt, Ordnan(*e Department, U. S. Army. 

Artillery store shed, — The necessity for an artillery store shed has 
become urgent. As tlie Army and militia are equipped with the new 
3-inch field material, the old material turned in should be thoroughly 
overhauled, repaired, and stored as a reserve supply. No building is 
available for this purpose. The design of a suitable storehouse has 
been prepared and an estimate for its construction is submitted. 

Hospital, — For a nunil>cr of years past an estimate has been sub- 
mitted for the erection of a hospital at this arsenal to replace the 
wooden structure temporarily erected more than forty 3 ears ago, when 
the island was used for the detention of prisoners of war. This build- 
ing is rotten, leaky, and unfit for housing the sick, or for any other 
purpose; it has been reported b}^ the Inspector-General as utterly 
unfit for hospital purposes and not worth repairing. One hundred 
soldiers are stationed at this arsenal, and as the hospitals of the 
neighboring cities are from 2 to 3 miles away, it is at times imperative 
that emergency treatment be given workmen in the post hospital. 
The design of a hospital building has been prepared and an estimate 
for its erection is again submitted. 

Stable, — The !)uilding now used as a stable is another of the old 
prison structures of the war of 1861-1865. It has become so rotten as 
to render repairs impossible, and its location is a menace to adjacent 
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expeii.sive buildings on account of its possible rapid destruction by fire. 
An estimate for a new building is submitted. 

Storehouse, — The storehouse to replace the one destroyed by fire 
February 18, 1903, and for the erection of which an appropriation of 
$150,000 was made on March 3, 1903, has been designed and contracted 
for and should be completed by December 30, 1904. It will be a 
highly modern structure, with fireproof floors and partitions. 

Officers^ quurters. — The set of officers' quarters appropriated for in 
the sundry civil bill approved April 28, 1904, is under construction 
and it is expected will be ready for occupation before the close of the 
present fiscal year. Quarters for additional officers will be needed in 
the future, but estimate is not now submitted for them, as other neces- 
sities are more pressing, and until these shall be supplied some officers 
can submit to the inconvenience of living in adjacent cities. 

Rock Island Bridge. — The bridge was constructed and is operated by 
the United States, which divides the expense with the railroad com- 
panies using it. The statistics show a continual increase of traffic 
over it, accompanied by a decrease of river traffic through the draw. 

Water power, — An extension of the power house has been completed. 
Two generators of 500 kilowatts each and one of 650 kilowatts are 
installed, and with two exciters are operated by twenty turbines. The 
plant has a normal capacity of 2,200 horsepower, with permissible 
extreme of 3,000 horsepower. It is a beautiful and efficient installa 
tion, supplying current more than sufficient for one hundred motors, 
aggregating 2,364 horsepower, by which the machinery of the shops 
is operated. 

For a number of weeks last winter, and during a shorter period the 
previous season, ice gorges formed in the river either below the island, 
backing up water in the tailrace and thus reducing the head, or in the 
pool, cutting off the flow of water to the wheels, and in both cases 
greatly reducing, and for a few days entirely stopping, the power of 
the arsenal plant. The probability of recurrence renders desirable the 
installation of an auxiliary steam-power plant to insure the uninter- 
rupted operation of the arsenal. 

It is believed to be possible to generate sufficient electrical power, 
in excess of the needs of the arsenal, to more than offset by its rental 
the cost of maintaining and operating the plant. 

Arsenal shops, — The facilities of the shops have been increased dur- 
ing the year by the addition of 92 machines of various kinds, most of 
which were procured for the manufacture of new field artillery mate- 
rial. The hydi-aulic plant for the formation of parts of gun carriages 
by pressure has been in successful operation during part of the year. 
In the harness shop the principal item of new work undertaken has 
been the manufacture of pack outfits for mountain and automatic 
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machine guns, for whicli purpose lock-stitch sewing machines have 
been installed and have proved very satisfactory, two doing the work 
of more than twenty men. 

The principal new work undertaken in the equipment shop has been 
the manufacture of forks, knives, expert rifleman^s badges, distin- 
guished pistol-shot badges, metal parts for the new canteen and haver- 
sack attachments for woven cartridge belts, and fasteners for these 
belts. The installation of automatic machinery in the equipment shop 
has been continued; one machine requiring but little attention makes 
30,000 buckle tongues in eight hours, instead of 6,000 obtained from the 
older machine, which required the constant attention of an operator. 

One of the most important changes in the processes of manufacture 
during the year has been an extensive transfer from da}^ to piece work 
in the carpenter and paint shops, resulting in a reduction of cost vary- 
ing from 20 to 60 per cent, although the earnings of the workmen have 
been increased from 15 to 30 per cent as a result of the increased 
output. 

The machine shop, forge shop, and foundry have been principally 
engaged during the year in the manufacture of the new 3-inch field 
artillery material; a pilot 4.7-inch field carriage, model of 1904; 6 
6-inch barbette carriages, model of 1900; 10 combined forge and bat- 
tery wagons for 3.2-inch field artillery; 81 armament chests for 7-inch 
siege howitzer; and models of one-tenth size of the new 3 inch field 
artillery material. 

The first 3-inch field carriage, model of 1902, was completed and 
proof fired last December. Eighty-four carriages and limbers will be 
completed by December 31 next, and the remaining 34 prior to the 
close of the next fiscal year. 

The machine shop has been operated sixteen hours per da}' during 
practically the entire year, using for that purpose two shifts of 
machinists and machinist's helpers. It has been found necessary to 
introduce a number of new processes to obtain that degree of accuracy 
and interchangeability of parts required in the manufacture of the 
new field artillery material, which has been accomplished in a highly 
creditable manner. A hydraulic plant, consisting of a triplicate verti- 
cal pump and two hydraulic presses, having a capacity of 344 and 1,700 
tons, respectively, has been installed and excellent results obtained with 
it in the forming of parts having irregular shapes out of flange steel. 
The machining of the interior of the recoil cylinder is a difficult and 
complicated operation, due to the comparatively inaccessible surfaces 
and to the accuracy of finish required. These surfaces have been fin- 
ished with such nicety that the maximum variation from prescribed 
dimensions in many cases does not exceed 0.0008 of an inch. The 
axles for the carriage, limber, and caisson are hollow, with the boi'e 
larger in the middle than at either end, and are made from a single 
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piece of foi'i^ed steel. The axles were at first purchased from private 
manufacturers, but as a result of the improved methods adopted at 
the arsenal they are now made for less than one- half of the price for 
which they were purchased in the market. An unsuccessful effort has 
been made to manufacture counter-recoil springs for these carriages; 
experiments with that end in view will, however, be continued. 

The year's output of equipments has been the equivalent of 16,000 
sets of horse equipments, 25,000 sets of cavalrymen's equipments, 
70,000 sets of infantry equipments, harness for 17 field batteries, and 
sundry pack outfits for mountain guns. 

Over 2,200 workmen are now employ^ed at this arsenal, and this 
number will be gradually increased during the coming year as the 
saiall-arms plant is more fully operated. ^ 

Drafting room, — During the year the following material has been 
designed and detailed drawings thereof prepared, namely: Battery 
wagon and forge limber, model of 1902; store wagon and store- wagon 
limber, model of 1902; 3.8-inch field carriage; pack outfits for 75- 
millimeter Vickers-Maxim mountain gun, for Colt's automatic machine 
gun, and for Vickers-Maxim automatic machine gun. In addition a 
large number of drawings for handbooks, working drawings for use in 
the shops, and drawings of the equipments made at this arsenal have 
been prepared. Twenty-three draftsmen are employed — an increase 
of over 100 per cent during the year. 

Small-artns plant, — During the year 81 machines have been installed, 
making a total of 1,155 machines in this plant. The fixtures, dies, 
jigs, tools, etc., required for the completion of the plant are being 
manufactured at the Springfield Armory and will be completed during 
the present calendar year. It being essential that all parts of the 
rifles manufactured at Rock Island Arsenal and at the Springfield 
Armory should be strictly interchangeable, all gauges will continue to 
be made at the latter place. It is anticipated that the installation of 
this plant will be completed and that a daily output of 125 finished 
arms will be obtained by or before June 30, 1905. 

A number of foremen, inspectors, and skilled mechanics have been 
cither permanently or temporarily transferred from the Springfield 
Armory to this arsenal, in order that their experience and training may 
be utilized in starting machine operations and in the instruction of 
inexperienced men. Of the 90 component parts contained in the 
United States magazine rifle, model of 1903, the machine operations 
on three of the parts have been completely installed and those on 32 
partially installed. 

Proving ground, — To enable the field, siege, and mountain-gun car- 
riages manufactured at this arsenal to be proof fired, a small proving 
ground has been established on the eastern end of the island. The 
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surrounding country is so thickly settled that range tiring can not he 
had. B}' the construction of suitable butts, however, all ciirriages 
can be safely proof fired, thereby saving the cost of their transporta- 
tion to some other point for that purpose, and familiarizing the 
manufacturing personnel with their performance. 

Reports on materlaL — During the year boards of officers have 
investigated and reported upon the following material, namely: Pack 
outfit for Colt's automatic gun; gun rack and protector proposed by 
N. Reifal Gill & Sons; canteen with filter and pump, submitted by 
Thomas Kearns and T. C. Coin; McNeal's support for cavalry pack; 
Colonel Patterson's device for carrying rifle by mounted troops; 
equipment pack designed by -Major Kirkpatrick and Captain Brad- 
bury, of the Ohio National Guard; aluminum equipment kit proposed 
by Major Abercrombie, U. S. Army. The tests for determining the 
tractive force required for various widths of artillery tires on diflferent 
kinds of soil and roads were concluded. 

SPRINGFIELD ARMORY. 

The armory has been commanded during the year by Col. Frank H. 
Phipps, Ordnance Department. 

It is the principal small-arms factory of the Department, and is now 
turning out rifles at the rate of 300 per day, which rate is expected 
to be increased shortly to 400 per day. The buildings and grounds 
are in good order and the entire plant is in a high state of efficiency. 

MmiiifaHures. — The following principal arms were manufactured 
during the year: 47,927 United States magazine rifles, caliber .30; 
2,245 officers' sabers; 48,868 bayonet scablmrds for United States mag- 
azine rifle, model of 1898; 15,623 stocks for issue as spare pftrts. 

There were repaired during the year 3,279 United States magazine 
rifles and carbines, caliber .30, together with a large number of Spring- 
field cadet rifles, cavalry sabers, scabbards, bayonet scabbards, and 
machetes. Many rifle appendages and miscellaneous spare parts have 
also been manufactured. 

The following stores were inspected and received from manufactur- 
ers during the year: 13,650 Colt's revolvers, caliber .38; 40 Gatling 
guns, caliber .30, model of 1903; 100 Winchester repeating shotguns, 
12 gauge, model of 1897, and 115 fixtures for the manufacture of 
United States magazine rifle, model of 1903, at Rock Island Arsenal, 
have been purchased and inspected. Two hundred and forty-nine 
fixtures, 915 gauges, and 27 jigs for the same arm have also been made 
for the Rock Island Arsenal small-arms plant. 

Machhes. - Dwvm^ the year \i)() machines of various kinds, one 
electric generator, and one 40-horsopower motor were purchased and 
installed. Twenty-seven machines have been repaired and altered. 
Seventeen machines have been manufactured at the armor}\ 
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United States mag azliH' rife^ modfJ of 190 L — As the fixturevS, gauges, 
tools, etc., required for the nuuuifacture of tlie ITnited States luaga- 
zine rifle, nuxlel of 1IM)3, progressed, the uianufaeture of the model of 
189<S rifle was gradually decreased uutil November last, when it ceased. 
The manufacture of the model of 1903 rifle has steadily progressed, 
the dail}' output being gradually increased as the completion of the 
fixtures, tools, gauges, etc., would permit, until a dail}' output of 300 
rides per day of eight hours was obtained. This output will be 
gradually increased to 400 rifles per day of eight hours, which output, 
it is anticipated, will be obtained in November next. 

Experimental firings, — An experimental firing range was established 
near Fort Clark, Tex., last Januar\', and a series of firings conducted 
for the purpose of verifying the elevation graduations on the rear 
sight, and for obtaining the accuracy, drift, and deviation of the bullet 
due to a 1-mile wind at each 100 yards range up to and including 2,000 
yards. The results of these firings are now being Av^orked up and will 
be included in the next edition of the description and rules for the 
management of the new rifle which is now being prepared. 

The firings made on this range were conducted by Maj. W. C. 
Brown, Fifth Cavalry, to whom great credit is due for the results 
obtained. The firings," extending over a period of seven months, 
showed that the barrel of the new rifle is, as was anticipated, more 
rapidly eroded and worn than those of any previous mod(d. 

The erosion of the bore, which occurs principally at the seat of the 
bullet, is due to the chemical and mechanical action of the gases 
emerging from the cartridge shell at a high temperature and under a 
pressure of about 49,000 pounds per square inch. Experiments are 
being made for the purpose of obtaining, if possible, a barrel steel 
which will more eflfectively resist this action of the powder gases. 
Experience so far shows that erosion increases with the percentage of 
carbon contained in the steel, and also in the case of nickel steel, with 
the percentage of nickel. The erosion in barrels made of nickel steel 
is greater than in those made of simple carbon steel. 

Telescopic sight, — Diflferent forms of telescopic sights have been 
tested during the year with a view to obtaining a suitable design for 
issue to expert riflemen. The only promising design so far obtained 
is one made b}^ the Warner & Swasey Company, of Cleveland, Ohio, 
which is now being tested. 

Two different designs of devices for attachment to the muzzle of the 
United States magazine rifle, model of 1903, to decreiLse the effect of 
the energ\' of recoil, were tested. Although both accomplished their 
object, they increased the sharpness of report to such extent as to 
render them more objectionable than the recoil. Each also had other 
defects which rendered it unsuitalde for the militarv service. 
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The number of employees in June, 1004, was 1,390, and the total 
expenditures for the fiscal year ending the 30th of that month were 
$1,483,441.18. 

FKANKFORD AK8ENAL. 

This arsenal has been commanded during the year by Lieut. Col. 
Frank Heath, Ordnance Department. It is the Department's factory 
for ammunition of all classes for small arms, for amnmnition for field 
and siege artillery, and for seacoast artillery for caliber up to 6 inches; 
for gauges and inspecting instruments, and instruments for the con- 
trol and direction of the fire of seacoast artillery, and for various other 
classes of tools and implements. Daily tests are made of the velocity 
and accuracy of the current output of ammunition for small arms; also 
tests for the waterproof quality of the ammunition, and for its com- 
parative accuracy in competition with that produced by private manu- 
facturers. The operations of the establishment include nmch prepara- 
tion for issue of ammunition of all kinds, and the breaking up and 
remanufacture of old ammunition. 

The plant has been considerably enlarged since the Spanish war, 
147 new machines having been added during the past year, and has 
now a capacity of about 150,000 rounds of small-arms ammunition per 
day; 700 artillery cartridge cases for guns of about 3-inch caliber, or 
the equivalent of this; 200 fuzes per day; 150 shrapnel per day, ulti- 
mately to be increased to 400 per day; besides sights, implements, and 
other miscellaneous articles. The new power plant referred to in my 
last annual report is now in operation and furnishes power to all 
departments at the arvsenal which are motor driven. The motors are 
connected to the shafts by Kenold or Morse silent chains, and in some 
cuses new-process rawhide pinions with cast-iron gears have been 
used. The group system of driving is employed in all departments, 
except in the carpenter shop, where each machine has its individual 
motor, belt connected. The box-making and packing shop referred to 
in my last annual report was completed during the year and is now in 
satisfactory operation. Heat, light, and power are supplied to this 
building from the lower plant. The space obtained by the removal of 
the power plant to its new building has been utilized by the concen- 
tiiition of the operations on lead slugs for the bullet and for the instal- 
lation of 72 additional machines. 

8IIKAPNKL PLANT 

A ])uilding for the shnipnel plant has l)een completed during the 
year. The shafting and motors are in place and the shop is ready for 
the installation of the miichiner}'. 

The main work of this plant has been the manufacture of shrapnel 
for the 75-millimeter mountain and the 3-inch field guns. The shrap- 
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nel so far manufactured have been of the hexagonal steel case type, 
steel jacketed balls, with compressed base charge. It is proposed, 
however, to change the design of these shrapnel to one in which the 
case has a fluted interior and the balls are not steel jacketed. 

FUZE DEPARTMENT. 

Experiments have been continued during the year with centrifugal 
fuzes, the o])ject sought being the development of a design embracing 
conditions of absolute safety in handling and transportation and cer- 
tainty of lU'tion. In the case of fuzes whose action depends upon 
longitudinal stresses developed by the pressure of the powder gases 
in the gun on discharge, the conditions of safet}' in handling and cer- 
tiiinty of action are opposing ones. It is impossible to meet both 
conditions in some cases, the stresses developed in the direction of the 
axis by the accidental dropping of the fuze being often higher than 
those developed in the gun at the time of discharge. The rapid-fire 
conditions and the advent of high explosiv^es, as a shell filler, have 
tended to include fuzes which depend for their action upon the accel- 
eration of the projectile in the gun except in cases where the acceleni- 
tion is so great that a very high-aiming resistance can be given. A 
fuze depending upon centrifugal forces is the natural solution of the 
problem, and it is proposed to use such fuzes for all calibers of projec- 
tiles inclusive of and above 2.95 inches. 

Three types of centrifugal fuzes have been developed, the ''F," the 
''S," and the "12 M." The "F" fuze is for use in detonating fuze 
stocks already on hand. The '^S" plunger is for use in all field, 
siege, and seacoast projectiles, excepting the 12-inch mortar. It arms 
at from 2,000 to 3,000 revolutions per minute, depending upon the 
gun in which it is used. The ""12 M" fuze is for use in torpedo de- 
tonating fuze stocks now on hand, but the plunger is not as heav}' as 
it should be. A new design of fuze carr3Mng a very much heavier pi u nger 
than the '" 12 M" is being prepared. The plunger of th's fuze will be 
of the service centrifugal pattern, arming at 1,300 revolutions per 
minute. It is expected that the energy of the blow of the firing pin 
of this plunger will insure certainty of action under the most severe 
conditions. 

The following ring resistance fuzes are issued to the seiTice: The 
''high C," the 1.65 inch, and the 1-pounder fuzes. These fuzes are 
very safe under all conditions of handling. The '' high C" will not be 
issued when the stock on hand is exhausted. It will then be super- 
seded by the centrifugal fuze "S." 

Comhl nation fuzes. — Investigations in connection with the develop- 
ment of a proper combination fuze have been continued during the 
3'ear. Difiiculty has been experienced in securing a powder and a 
method of insertion of the same that will secure a uniform rate of 
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burning both at rest and in flight. The rate of burning is very much 
influenced hy the ingredient^ of the powder used, amount of ventage 
given the gases of the burning train, and the pressure at which the 
train is inserted. The concussion plunger of tiie Frankford Arsenal 
twenty -one-second fuze is of the ring-resistance type, while the per- 
cussion plunger is of the service centrifugal type, arming at 2,500 
revolutions per minute. These elements have both been tested and 
have given entirely satisfactory results. Twenty thousand fuzes have 
been purchased abroad for use while developing a satisfactory one at 
home. 

Primers. — Important changes have been made in the primers used 
in the cartridge cases for fixed anmuinition and separate-loading guns, 
the object of the change being the use of a primer having suflScient 
energy to thoroughly ignite smokeless-powder charges and render 
unnecessary the use of the objectionable igniting charges of black 
powder. As a resuU of experiments four primers have been developed 
and adopted — the 110-grain percussion primer, the 110-grain igniting 
primer, the 20-grain percussion primer, and 20-grain igniting primer. 
These primers cover all that are used in cartridge cases for artillc ry 
ammunition. A 110-grain electric primer has also been adopted for 
use in the same cases where the 110-grain primers above mentioned 
are used. For use with saluting charges a 20-grain primer has been 
adopted and is made of such dimensions that it can be used in cases for 
6-pounder guns and those of higher caliber. 

ARTILLERY CARTRIDGE PLANT. 

This plant is equipped to manufacture all sizes of cartridge cases at 
present used in the service, and has been in satisfactory operation 
during the year. About 93,000 cases have been manufactured. 

SMALL ARMS CARTRIIXiE PLANT. 

There were manufactured during the year 55,906,250 small-arms car- 
tridges of all kinds. 

During the year Capt. Ormond M. Lissak, Ordnance Department, 
continued to devote much time and attention to the designing of auto- 
matic machinery for use in the manufacture of small-arms cartridges. 
As a result of his efforts a number of automatic machines have been 
perfected and installed, which not only decreases the cost of manufai^- 
ture, but also the amount of floor space required for a given output. 
Among the machines devised by him and installed during the year are 
the following: A machine which inserts the springs into the cartridge 
clips at a rate of 9,000 per day and which performs the work of 9 hand 
operators; a machine which inscM-ts the cartridges into the clips and 
turns down the clip springs over the cartridges at a rate of 28,000 car- 
tridges per day. It requires 2 operators, but does the work of 5 band 
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operators. The attachment of an electric device to the primer insert- 
ing machine which indicates by the ringing of a bell tlie presence of a 
cartridge in the machine in which the vent has not ])een made. New 
mouth-trinmiing machines of an improved design have been perfected 
and installed. A new double-acting press for the forming at one time 
of three cups for the cupro-nickel bullet jacket will be installed at an 
early date. 

The application of automatic feed hoppers to different small arms 
cartridge machines has been continued during the year, and has 
increased the capacity of each machine from 10 to 18 per cent, and 
enables one operator to tend two or more machines. 

Ball cartridge^ model of J 90S, — The manufacture of the cartridge 
for the new rifle has progressed satisfactorily during the year. 

Etfoi-ts are also being made to develop a more suitable powder for 
this cartridge in order that the maximum pressure may be reduced. 

Caliber ,38 cartridge, — The experiments conducted for developing a 
primer which would fulfill the conflicting conditions imposed upon 
it by a revolver having a 6.-pound trigger pull in single action and 
a 12-pound trigger pull in double action have been concluded and a 
satisfactory primer adopted. 

Sights for 3 -inch field mater ixd, — Front and rear sights and range 
quadrants for two hundred and eight 3-inch field carriages, model of 
1902, are being manufactured at this arsenal. In order to complete 
these articles at an early date, 33 machines have been installed and 
two shifts of workmen employed. 

Plotting hoards, — The manufacture of 200 Whistler plotting l)oards 
and 115 Pratt ballistic boards has been underUiken, necessitating the 
installation of 7 machine tools. 

WATERVLIET ARSENAL. 

This arsenal was commanded from the beginning of the last fiscal 
year to July 13, 1903, by Lieut. Col. Charles Shaler, Ordnance Depart- 
ment, U. S. Army, and from that date to the end of the fiscal 3'ear by 
Lieut. Col. D. M. Taylor, Ordnance Department, U. S. Arm3\ It is 
the army gun factory, manufacturing a large percentage of the cannon 
of all sizes used in the military service, as well as a number of miscel- 
laneous articles, such as spare parts and gun carriages, the latter to 
employ some temporarily available machines and relieve the Water- 
town Arsenal. There were in June last employed 490 workmen, and 
the expenditures for the fiscal year 1904 were $705,165.93. 

New machines in the seacoast gun shop have been arranged with a 
view to the use of an electric motor drive throughout the shop. The 
more important machines have been equipped with individual motors 
and the minor machines have been arranged so that one motor may 
drive a group. The method of power transmission heretofore used 
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has been exceedingly inefficient. The system of electrical distribution, 
therefore, promises increased economy, light, and cleanliness, and 
decreased danger of fire, breakdown, and personal injury. The elec- 
trical equipment of the machines involves a considei'ation of the source 
of power for the purpose. This Department has under consideration 
the supply of power from the Hudson River Electric Company in the 
form of alternating current. 

Improvement in shop methods has been secured during the year, and 
the necessary changes are proceeding as rapidly as funds will permit; 
they have resulted in much economy and efficiency. Experiments are 
now under way with a view of grinding all shrinkage surfaces of gun 
forgings. This has for its chief object the elimination of faults in 
shrinkage work, but it is also believed that the work will be done 
more economically. The use of grinders has been otherwise consid- 
erably increased. Special attention has been giv^en to the tool-room 
department. Formerly each division of the gun shop made at least 
part of its tools, and working jigs were not in general use. A number 
of experienced tool makers have been secured, and all work of this 
kind is being concentrated under one head. The increased use of 
working jigs has resulted in more accurate interchangeability of parts 
and generally in economy of labor. High-speed cutting steels are now 
in genei'al use, and all new bmnds are being given a conscientious trial. 
The alloyed steel has made a great saving in the cost of roughing 
work, but the most valuable results have been obtained from the use 
of finishing steels containing a high percentage of carbon with some 
tungsten. These not only permit of finishing at higher speeds, but 
hold their keen cutting edge for a long time. In keeping the plant 
modern and up-to-date 30 new machines have been introduced during 
the year. 

The work at this arsenal has been increased during the year by the 
introduction of work for the Navy Department, 24 guns each of 7-inch 
and 8-inch caliber l>eing under manufacture at that place. The work 
of machining these guns was commenced on March 3, 1904< and has 
since proceeded uninterruptedly. It was estimated that the entire 
number will be completed within thirty months after the receipt of 
the forgings therefor, and it is hoped that with care and industry the 
estimate may be met. 

In the field and siege gun shop additional floor space has been 
secui-ed by the removal of the railroad tnuik which formerly ran the 
full length of the gun shop. This, with minor changes in the loc*ation 
of various machines throughout the shop, promises to afford increased 
facilities for doing work, the necessity for which has existed for 
some time. 

The lower shops have l)een principally engaged in the manufacture 
of spare parts and tools for seacoast and i*apid-tire guns, and in addi- 
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tion many armor-piercing shot and shell have been altered in accord- 
ance with the latest drawings. 

The manufacture of 200 carriages for 2i-inch bronze Lyle life-saving 
guns has l>een undertaken for the Treasury Department and 50 car- 
riages and 200 quoins have been completed. 

The output of work from the seacoast and siege and field gun shops 
(luring the j'ear was equivalent to two 12-inch rifles, nine lO-inch rifles, 
s(»von 6-inch rapid-fire guns, sixteen 5-inch I'apid-fire guns, forty-four 
o-inch field guns, forty -eight 2.95-inch Vickers-Maxim mountain guns, 
and six barbette carriages. 

WATERTOWN ARSENAL. 

This arsenal was commanded by Col. John G. Butler, Ordnance 
Department, until retired as a brigadier-general on January 22, 1904; 
by Maj. Frank Baker, Ordnance Department, until March 26, 1904, 
upon which date Maj. Ira MacNutt, Ordnance Department, the pres- 
ent commanding officer, assumed command. 

The arsenal hits been principally engaged during the year in the 
manufacture and issue of stores for the seacoast armament, requiring 
for that purpose pi^actically the full capacity of the plant. The fol- 
lowing carriages have been completed during the year, namely: One 
12-inch disappearing carriage, L. F., model of 1901; two 6-inch bar- 
l>ette carriages, model of 1900; forty-six 75-millimeter mountain gun 
carriages, and one modified Spiller mortar carriage for testing 12-inch 
mortars. 

Work is now in progress on other carriages as follows, namely: 
Fifteen 6-inch disappearing carriages, L. F., model 1903; three 12-inch 
disappearing carriages, L. F., model 1901; twelv^e disappearing car- 
riages, L. F., model 1901; fifteen 6-inch barbette carriages, model of 
1900; thirty -six 75-millimeter mountain gun carriages, and altering 
of one 12-inch mortar carriage, model of 1896, in accordance with the 
design prepared for strengthening the racer to permit the mortar to 
be fired at an elevation of 70°. 

As the difficulty experienced in previous years in promptly obtain- 
ing satisfactory steel castings of small and medium size for repairs and 
for new work continued to greatly delay the completion of work in 
hand, and as the delay in obtaining small steel castings required for 
repairs of the armament resulted at times in serious embarrassment, a 
small steel casting plant, including a 2-ton converter, was installed, 
and has been in use since March 25, 1904. Although a few additional 
parts are required to complete this plant, such as a sand blast for clean- 
ing castings and a core room and oven, excellent results have been 
obtained from it. Prior to June 30, 1904, 70 heats were made, amount- 
ing to 140 tons. The castings and ingots have shown excellent phys- 
ical qualities and appear to be sound. 
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Foundry, — The wooden crane way, roof, stairway, and other parts 
of this building render it liable to fire, three of which have occurred 
during the past year. These parts should be replaced by fireproof 
iron constructions, an estimate for which is submitted. 

Blackmnith shop. — The old engine in this shop having become worn- 
out, has been replaced by a motor. Four new blacksmith forges have 
l)een installed, but the increased work in this shop requires sevenil 
additional hammers and other tools. The same delay experienced in 
promptly obtaining satisfactory steel castings for repairs and new 
work has also been experienced in the case of steel forgings. The 
increase of the forging capacity, so as to utilize available space and 
power and to better supply the needs of the machine plant, is desirable. 

Coincident with the increase of the forging capacity, a change in 
the forge shop from coal to gas or oil may be found expedient, since 
the latter fuels are more economical. 

Machine shop, — The opemtions in this shop during the year have 
been much hampered by the lack of the proper facilities for handling 
large work. This will be shortly remedied for the larger machine 
tools and for the erecting shop by the installation of electrically driven 
traveling cranes, for which an appropriation is now available. The 
remed}^ provided for the erecting shop, however, is only partial, since 
the width of the building is so great and the walls so weak that it is 
not possible to install therein a crane capable of handling a 12-inch 
gun. A proper system of hoists, trolleys, and trolley beams, operated 
by compressed air or electricity, should be provided, and has been 
estimated for. 

High speed tool steel has been used in the shops through the year. 
While the increased amount of metal removed by it compared with the 
old t^)ol steel is verv marked, the conditions existing in this shop are 
such that full advantage of this new steel can not ))e secured. The 
width of the pulleys on the main line of shafting and counter shafts, 
also on many of the machine tools, is not sufficient to permit the 
retjuired power to be tninsmitted. The most suitable method of driv- 
ing the larger machines is by the use of individual motors. 

The installation of the steel-casting plant, of the miscellane )us motors 
throughout the shops, and the contemplated instillation of new elec- 
tric cranes will render it necessary in the near future to provide a 
larger source of electric power, at which time individual motors should 
gradually be applied to the larger machines. 

Carpenter nhtp, —The present building is now divided into two part8, 
the pattern shop and the carpenter shop. Its capac^ity is not sufficient 
to permit the employment of the num])er of pattern makei*s required 
for the current work of the ai*senal; in fact, it is barely sufficient for 
that of the pattern «ho]) alone, and provision should shortly l>e made 
for a new carpenter shop. 



REPORT OF THE CHIEF OF ORDNANCE. 59 

Transportation terminal fdcilities. — A large exj^ense connected with 
the administration of this arsenal is due to the inadequate facilities for 
loading and unloading shipments and for the transportation of large 
parts between shops. The moving of large flasks and niilroad cars 
in the siding is done by capstan and horse; heavy parts of carriages 
are moved to and from the carriage store shed by gangs of men using 
skids and rollers. The estimate submitted last year for the purchase 
of machine tools at this arsenal included a locomotive crane, but the 
appropriation made did not permit of its purchase; an estimate for a 
locomotive crane, together with other machines and tools, has been 
submitted. 

The new barracks have been completed and were occupied on Decem- 
ber 1, 1903. 

TeMhig departme7it, — In the testing department, the examination of 
the metal in streaked hoops has been continued, comprising hydro- 
static tests of thin sections, mandrel tests on rings of the full thickness 
of the hoops from which they were taken, and tensile tests of the 
metal in both tangential and radial directions. 

Tests were made to determine the resistance offered by cupro- 
nickel jacketed bullets to being forced through the bore of caliber .30 
rifle barrels. 

Bullets of one-fourth, three-eighths, and one-half inch length of 
bearing surface were forced through service barrels rifled with a 
uniform twist of one turn in 8 and 10 inches. 

The force required to initially deform the bullets by the lands was 
markedly uniform. The resistance increased with the bearing length 
of the bullet and was generally greater with the 8 than with the 10 
inch twist. 

The work required to force a bullet with i-inch bearing length 
through bores having a 10-inch and 8-inch uniform twist was found to 
be 38 and 42 per cent, respectively, of the total calculated muzzle 
energ}' of the bullets and work expended in forcing the bullet through 
the bore. This shows that less than two-thirds of the total work done 
by the powder gases in the bore is eflBciently utilized. The report 
of these tests forms Appendix II hereto. 

Recognizing the general engineering interest which attached to the 
strength of concrete in plain and reinforced construction, the class of 
industrial tests carried on by the testing laboratory has included a 
number of concrete columns. These columns are of such proportions 
as to require considerable part of the capacity of the larger testing 
machine in carr} ing their tests to destruction, and represent material 
in constructive sizes on engineering and architectural work. Brick 
piers have been tested representing the varied products of this indus- 
try as found in the New England and eastern New York yards. A 
number of these full-sized members, together with wooden posts, 
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representing the chief building materialij of the different sections of 
the country, were forwarded, after testing, to St. Louis, Mo., and form 
a part of the testing machine exhibit at the Louisiana Purchase 
Exposition. 

Tests to determine the endurance of metals subjected to alternating 
stresses under the conditions of rotating shafts transversely loaded 
have been continued during the year. The results show that the num- 
ber of rotations that can be made before rupture increases very rapidly 
as the ratio of the load applied to the tensile strength of the metal 
tested is decreased. 

NEW YORK ARSENAL. 

This arsenal, commanded by Col. John E. Greer, Ordnance Depart- 
ment, ])eing mainly a purchasing and shipping agency, has no facili- 
ties for manufacturing, and its operations are necessarily those of 
Inlying, receiving, and issuing stores for the Army and militia. It 
also receives through the custom-house such stores as are purchased 
abroad. For these purposes it is of much convenience, being in the 
locality which affords the l>est market for many of the stores which 
must be purchased, and of easy access from the wharves of trans- 
Atlantic steamers. None of the above uses can be said to constitute 
it an indispensable establishment of this Department in time of peace. 
A very servicreablc lise for it is as a site for quarters for certain 
ofBccrs having duties at the proving ground at Sandy Hook; there 
are no quarters for these officers at the place of their duty, and to 
provide them would interfere with arrangements of the Department 
with reference to the proving ground, which are believed to be of 
importiince. The officers concerned arc of rank and service such as 
to entitle them to the consideration of comfortable quarters for their 
families, and the existence of the arsenal at Governors Island permits 
the provision, without imposition upon another department for erec- 
tion and maititenance. 

The strongest reason for the existtmce of a depot of the Ordnance 
Department upon Governors Island is the necessity for maintaining 
at that point a place of storage for the ordnance supplies which would 
be needed to equip a military expedition in time of war. The plans 
for Governors Island contemplate its use as an outfitting point, and as 
such all the supply departments of the Army have need of shipping, 
receiving, and stonige facilities upon its tt^rritory. 

The commanding officer of the arsenal is also the ordnance officer of 
the Department of the East, and is in addition the armament officer 
of the central district, whose duty it is to maintain in efficient con- 
dition the armament of the coast defenses from New York to Fort 
Monroe, inclusive. 
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AUGUSTA AKSENAL. 

Tliis arsenal, which is the headquarters of the southern armament 
district, ha>j been under the command of Lieut. Col. D. A. Lylc, of 
the Ordnance Department. It is the depot of supplies for ordnance 
and ordnance stores to the troops stationed in the South Atlantic and 
Gulf States. Like San Antonio and Benicia arsenals, but little manu- 
facturing is done there, but a great deal of repair work has to be done 
either by workmen there or by men sent out from there under the 
direction of the commanding officer to repair seacoast guns and car- 
riages in place in the batteries along the coast. This brings varied and 
multifarious duties on the single officer there stationed, who frequently 
must be absent inspecting work at a distance. His force consists of a 
detacrhment of enlisted men and 17 civilian employees, with 11 machin- 
ists for the work above described. 

This arsenal is the only one left in the entire South, cast of the 
Mississippi, and the nearest constructing arsenal is nearly 800 miles 
distant. The location is one of the best in the South, both geograph- 
ically and in its rail and water facilities, for the reception and distribu- 
tion of supplies for the South. 

In a memorandum of April 22, 1904, made for the Secretary of War 
at the call of the Senate April 13, 1904, the Chief of Ordnance drew 
attention to the advantage of expanding the work, both here and at 
Benicia Arsenal, to keep constantly in operation the metal-working 
and carpenter shops and their accessories in the interests of repair 
work, which, although insistent, is always spa^^modic. This can best 
be done by assigning to these ai^senals the manufacture to a moderate 
extent of such ordnance stores and parts of ammunition as can be 
advantageously produced thereat, and can be temporarily laid aside at 
any time to take up the repair work found necessary in the mainte- 
nance of the armament. 

This at Augusta Arsenal would require only the development of its 
already existing facilities to permit the performance of work of a 
more general class than is at present possible and the employment of 
about fifty mechanics and laborers. An approximate estimate of cost 
for this change would be $50,000. 

For full utilization of the plant of buildings and ground belonging 
there to the Government, and the employment of about two hundred 
mechanics and laborers, no additional shop buildings would be needed. 
Those there at present, some of which were built b}" the Confederate 
government, would suffice, requiring merely some accessory structures 
and a set of quarters for an additional officer. The principal outlay 
required would be for the machines and appliances, boilers, engines, 
and dynamos for the power plant, and this might be covered by an 
outlay of about |200,000. 
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No cstiiiuites have been submitted for either of these plans, and an 
existing objection to either of them would be the embarrassing short- 
age of officers referred t<3 in another part of this report. 

Attention is invited to previous reports, where it wa.s pointed out 
that receipt and shipment of supplies would be facilitated by the con- 
struction of a sidetmck connecting with the electric railway, and by 
the installation of electric power to a moderate degree; also to the 
need of building new barracks for the enlisted men, the installation of 
a modern system of sewerage, and increasing the water supply. 

BENICIA AliSENAL. 

This is an arsenal of storage, issue, and repair. The ordnance sup- 
plies stored here are for the use of the troops of the Pacific coast stations 
and the fortifications of that coast, as well as, to a certain extent, 
for troops in the Philippine Islands. The arsenal was commanded 
from July 1, 1903, to July 20, 1903, by Lieut. Col. John E. Greer, 
Ordnance Department, U. S. Army; from Jul}' 21, 1903, to September 
7, 1903, by Capt. D. M. King, Ordnance Department, U. S. Army; 
from September 8, 1903, to March 15, 1904, by Maj. Ira MacNutt, 
Ordnance Department, U. S. Army, and from March 16, 1904, to the 
end of the fiscal year by Capt. D. M. King, Ordnance Department, 
U. S. Army. 

The commanding officer is also the ordnance officer of the Depart- 
ment of California and the armament officer of the western armament 
district. The armament in his charge is that of the Pacific coast for- 
tifications and light batteries stationed in the Pacific division. For 
keeping these in repair and for making alterations and improvements 
shops are maintained at the arsenal, employing in June last 69 work- 
men. Workmen are also sent out to fortifications upon this coast 
The expenditures during the fiscal year 1904 were $92,813.58. 

During the year a considerable amount of target material was manu- 
factured; also material for the repair of armament. A gas engine and 
several new machines were installed in the shops, and two powder 
magazines of large capacity were built. A material proportion of the 
work of the arsenal consists of the preparation of cartridges for issue. 

UNITED STATES POWDEK DEPOT. 

This depot has been commanded during the year by Maj. O. B. 
Mitcham, Ordnance Department, U. S. Army. It is a place for the 
storage and issue of ammunition of all kinds for the seacoast and light 
artillery service, and for such preparation of the anmmnition as is not 
effected at its place of manufacture. The number of employees was, 
in June last, 128. The expenditures for the fiscal year 1904 amounted 
to $163,982.11, largely for new constru«'tion. 
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The plan of the board of officers for the enlargement of the facilities 
of the depot for the preparation and issue of ammunition and ord- 
nance stores, referred to in my last annual report, has been followed 
during the year, and progress has been made. 

An examination of the boundary lines of this reservation, amount- 
ing in all to approximately 13 miles, an inclosure of 1,551 acres, was 
made during the year and showed much of the fencing in bad order 
and stone monuments marking the corners in bad condition. In some 
cases the monuments had entirely disappeared. To insure accuracy in 
replacing the fences and boundary stones it will be necessary to resur- 
vey the reservation. 

The increased amount of work to be carried out at this place, involv- 
ing additional boilers, engines, and machinery, requires consideration 
of an ample water supply. The springs on the hills on the eastern 
part of the reservation, which have heretofore supplied the reservoirs, 
are now being opened up and properly housed, in order that as much 
water as possible can be obtained. 

During the year the loading house for high explosives and the boiler 
house connected therewith were completed, and the press has had its 
acceptance trial. Certain minor improvements and changes will be 
required before the plant will be ready for entirel}'^ satisfactory 
operation. 

The number of issues of powder and projectiles for the year 
amounted to 490, involving a total weight handled of 4,906,245 pounds. 

MANILA ORDNANCE DEPOT. 

The depot was commanded during the year, until May, 1904, by 
Maj. A. H. Russell, Ordnance Department, and during the remainder 
of the year by Capt. E. B. Babbitt, of the Ordnance Department, 
with a short interval during which it was commanded by his assistant, 
Capt. Kenneth Morton, Ordnance Department. Captain Morton was 
on duty at the depot throughout the year, and Capt. John H. Rice, 
Ordnance Department, was on duty there from the beginning of the 
fiscal year until August 20, 1903. 

This depot performs a very important office, since it is the one point 
of supply of ordnance stores for troops in the Philippine Islands, and 
has shops for repairing unserviceable ordnance stores turned in by 
troops and for manufacturing limited quantities of ordnance stores. 

No material changes in the administration of the forces of the Ord- 
nance Department there have occurred since the rendition of the last 
annual report. The commanding officer of the Manila Ordnance Depot 
has continued to hold the position of the chief ordnance officer of the 
Philippines Division. 

The lines of communication in the Philippines are such that it is 
found much more satisfactory to supply separate organizations of the 

WAR 1904— VOL 10 6 



64 REPi^RT OF thp: chief of ordnance. 

troops directh' from the Manila Ordnance Depot than to make use 
of substations at various points in the islands, temporary and occa- 
sional exception being made where active operations are going on, 
particularly during the campaigns against the Moros in Mindanao. 
In the Departments of the Visayas and of Mindanao many of the 
stations are less accessible from the headquarters of their respective 
departments than from Manila. 

8ALE8 AND TRANKFEK8 TO OTHER MILITARY DEPARTMENTS, THE UNITED 8TATB8 NAVY, 

AND THE PHILIPPINE CIVIL OOVERNMENT, 

During th6 past fiscal year, as in previous years, the Ordnance 
Department has been called upon from time to time in cases of emer- 
gency to furnish stores to other military departments, to the United 
States Navy, and to various departments in the Philippine civil gov- 
ernment, settlement for the money value of these stores being made 
either by direct payment at the ordnance depot or by transfer made in 
Washington between the funds belonging to the corresponding appro- 
priations. The proceeds of all such sales for which settlement was 
made at the Manila Ordnance Depot during the fiscal year is $1,502.11. 

SETTLEMENT OF OlTTSTANDIN(f ACCOUNTS BETWEEN THE PlIILIPI'INE CIVIL OOVBRNMBNT 

AND THE ORDNANCE DEPARTMENT. 

The outstanding accounts noticed in previous reports as outstanding 
between the civil government of the Philippine Islands and the Ord- 
nance Department for stores furnished to the Philippine constabulary, 
have been closed l)y order of the Secretary of War, pursuant to an 
act of Congress authorizing such settlement. The value amounted to 
5^119,622.28, and as an offset to this all the material and stores pur- 
chased from pu])lic civil funds and previously turned over to the Ord- 
nance Department are permanently transferred to that department. A 
large proportion of this property is u.seless, and it will be submitted 
to an inspector with a view of its condemnation. 

t<ALEM OF ORDNANCE STORES TO OFFICERS. 

A ])ranch of work here, which is of great convenience and benefit to 
ofBcers, is that of sales of arms and ecjuipments, and repairs to their 
militar\' equipment. The proceeds from such source during the year 
amounted to $J).S98.27. 

POWER PLANT. 

During the year the new power plant, nmch needed at the Manila 
Ordnance Depot, has been received, and it is now in course of installa- 
tion, consisting of new lx)ilers, an engine of 75 horsepower, adynamo, 
and motors. It is projw-sed to provide from its power the electric 
light necessary for all buildings connected with the depot, and the 
caimcity of the plant will Ik> sufficient to meet all emergencies, even if 
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the number or size of the buildings is increased. Electric power will 
be used also for running machines in the shops, and it is believed that 
great benefit will result from substituting this source of power, which 
can be applied separately to individual machines, for the complicated 
and antiquated shafting and gearing involved in the old Spanish power 
plant in use heretofore. The depot has been dependent upon private 
electric works in the city of Manila for its supply of electricity. This 
was uncertain, expensive, and intermittent, and was sufficient only for 
illuminating purposes. The old machinery will be sold. 

Material for a nickel-plating plant has also been received, con- 
sisting of electroplating dynamo, motor, etc. 

NEW OFFICE BUILDING. 

During the last session of Congress an appropriation of $16,000 was 
made for completing the office building in process of erection and 
unfinished when Manila was surrendered b}^ the Spanish. This will 
probably reach completion during the present year and will allow 
removal of the offices from the rooms now occupied in the quadrangle 
inclosing the shops, leaving the vacant space to be added to the shop 
room. 

SHOPS. 

The depot is provided with armorer, saddler, carpenter, blacksmith, 
and machine shops, tin shop and foundry, and the space gained from 
the old office rooms will suffice for little more than the needed expan- 
sion of these shops for present work and the addition of the nickel 
plating plant already referred to. 

EXPANSION REQUIRED FOR 8EACX)A8T DEFENSE. 

Congress appropriated last year $4:18,000 for beginning the work 
this year of the armament of fortifications in the insular possessions, 
and estimates are made this year for $1,511,979 more, including $15,000 
for alterations and repairs of armament and for machines to do this 
work at the Manila Ordnance Depot. 

The distance of the Philippines from the United States precludes 
the possibility of sending heavy parts of armament home for repair, 
and makes it impemtive to provide means for promptly repairing 
these and smaller paii;s at the Manila Ordnance Depot and in some 
instances at the batteries themselves. This will require considerable 
further expansion of the machine shops of the depot and the exten- 
sion of the limits of the depot grounds. Recent proclamation of the 
President has set aside two strips of ground, embracing merely the 
present shops, dwellings, and houses of the depot, as an ordnance res- 
ervation, these two strips being connected at one end by a narrow 
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strip bordering on tlie east wall of Fort Santiago and within the 
walled city, the general shape of this reservation being that of the 
letter U. The space separating the side strips is a plaza, which is a 
sort of debatable ground, being claimed by the city of Manila and 
held by the United States temporarily and only for military purposes. 

The chief ordnance officer has pointed out the great advantage that 
would ensue from adding to the depot the space embraced within the 
walls of Fort Santiago, now used mainly for division headquarters 
offices, and if the division commander should find it desirable to 
transfer the headquarters offices, it is recommended that the needs 
of this department receive consideration in the disposition of the sf)ace 
vacated. Attention is drawn later on in this report to the need of 
further storage facilities, and it is believed that no better site can be 
found near Manila for an ordnance establishment than the present one, 
especially if Fort Santiago could be added, since it is situated on the 
river not far from the mouth, and where but little dredging would be 
needed to gain the depth of water sufficient for landing and shipping 
heavy parts. 

If the block of buildings belonging to this department, east of the 
new office building above referred to, should be considered more desir- 
able for headquarters offices than Fort Santiago, an exchange could 
doubtless be advantageously effected. 

Sufficient additional shop room will be needed for installation of a 
large boring mill, a large planer, and a large lathe, and a few other 
machines, including a shaper, milling machines, and drill press; and 
these will have to be placed outside the quadrangle of the present shops, 
as the space there is already crowded. 

STOREHOUSES. 

The storage facilities are insufficient for the requirements of the 
depot. As a result of lack of proper storage room it has been neces- 
sary to store certain small arms, ammunition, and other stores in 
damp casemates in the old stone walls of Manila to make room in 
the drier storehouses for the more destructible material; to store cer- 
tain artillery limbers and caissons under the eaves of the small-arms 
ammunition storehouse, more or less exposed to the weather, while at 
the present writing ten 7-inch breech-loading siege howitzers and 
twelve 5-inch breech-loading rifles, together with carriages, limbers, 
caissons, etc., are left on the plaza of the depot protected only by 
paulins from the weather. 

ISSrK AM) RRCEHT OK STORKS. 

The total weight of stores issued from the Manila Ordnance Depot 
during the fiscal year amounted to 1,027 tons (long) and the total 
weight of stores received amounted to 840 tons (long). The number 
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of separate issues amounted to 1,535 and the number of separate 
receipts amounted to 1,063. One thousand two hundred and ninety- 
eight requisitions for ordnance and ordnance stores were received 
during the fiscal year. 

STORES SENT TO THE LOUISIANA PURCHASE EXPOSITION AT ST. LOUIS, MO. 

On November 25, 1903, the following obsolete ordnance and ord- 
nance stores were turned over to the Philippine Exposition Board for 
shipment to the Louisiana Purchase Exposition, at St. Louis, Mo. : 

1 bronze cannon, 15 centimeter. 
1 cannon, 9 centimeter, model 1897. 
1 Gonzales Hontoria, 7 centimeter, rifle with mount. 
1 Nordenfeldt machine gun, caliber 1-inch, with carriage. 
4 Nordenfeldt machine guns. 
1 Nordenfeldt machine gun, caliber .301, about. 
26 gas-pipe guns. 

1 gas-pipe gun with carriage. 
138 brass cannon, assorted. 

8 iron cannon, assorted. 

8 iron cannon, assorted, with carriages. 
23 bronze cannon, with carriages. 

2 carriages, wooden, various. 
20 mortars, saluting. 

1 deck platform for 9-centimeter naval gun. 

9 carbines, various. 
15 rifles, various. 

6 gas-pipe shoulder guns. 

2 shotguns, various. 
2 muskets. 

983 revolvers, various. 
19 bells. 

6 arm chests, revolver, caliber .38. 
11 arm chests, rifle, caliber .45. 
1,000 rifles, various; total weight, 39,145 pounds. 

This property was received at the Manila Ordnance Depot from troops 
in the field, having been captured from or abandoned by the insurgents. 
The shipment contained some I'are old specimens of workmanship and 
ingenuity in the manufacture of implements of war. 

At the close of the exposition these stores are to be returned to the 
Ordnance Department at some arsenal in the United States, when they 
will be listed for sale. Stores condemned at the depot: Notwithstand- 
ing every effort is made to prevent sending to the depot worthless, 
unserviceable stores from the field, it is necessary to condemn a large 
amount so turned in. During the year 66,978 items were inspected 
and condemned, representing a money value, when new, of $17,981.96. 
Only one sale of condemned stores was ordered by the inspector, the 
stores sold bringing $18.50. The rest of this property was destroyed 
by the inspector. 
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OFFICE WORK. 



The work done in settlement of property returns of officers at the 
Manila Ordnance Depot is detailed earlier in this report under the 
heading of similar work in the Ordnance Office. 

Placing the clerical positions in the Ordnance Department in the 
Philippines under the classified service has done much toward estab- 
lishing the department here on a more permanent working basis. It 
has given the clerks a status whereby they have some hope of reward 
for faithful service b\^ employment in the United States, and it enables 
the department to retain the services of experienced men. 

FITNIW REC'EIVKI) AND l)I8BlTIt8El). 

The account of money received and disbursed under ordnance 
appropriations during the fiscal year is as follows: 

RECEIPTS. 

Received from the Treasury |60, 864. 06 

Received on account of overpayment 4. 29 

$60, 858. 35 

EXPENDITURES. 

Disbursed during the year $58, 317. 55 

Outstanding indebtedness, June 30. 1904 1,390.74 

To })e deposite<l to credit of Treasurer of United States to cover 
amounts deducted from salaries of employees to cover cost 
of transportation, etc. , per agreements 571. 94 

To be deposited in Treasury to credit of Treasurer United 
States under appropriations not available here 60. 00 

Total 60,340.23 

Unexix^nded balance 518. 12 

One thousand one hundred and forty-five dollai*s and ninety-four 
(!ents was deducted from the total amount allowed this depot for the 
fiscal year and expended in the United States for material sent from 
the United States for use in work at this depot. The total amoant 
allotted this depot for the fiscal year was $62,000. 

ORDNANCE BOARD. 

Membership of the Ordnance Ik)ard, June 30, 1904, is as follows: 

Lieut. Col. Charles S. Smith, Ordnance Department, U. S. Army. 

Lieut. Col. William L. Mai^shall, Corps of Engineers, U. S. Army. 

Maj. K. Birnie, Ordnance Department, U. S. Arm3\ 

Maj. George L. Anderson, Artillery Corps, U. S. Aiiny. 

Capt. B. W. Dunn, Ordnance Department, U. S. Army. 

Maj. M. M. Mac'omb, Artillery Corps, U. S. Army, was relieved 
from duty as member of the l)oai'd by Special Orders, No. 93, War 
Department, Wtishington, December 3, 1903. 

Maj. William L. Marshall, (^^rps of Engineers, U. S. Army, was 
detailed by Special Orders, No. KJO, Headquarters of the Army, Adja- 
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tant-Generars Office, Washington, July 10, 1903, as a member of the 
Ordnance Board for duty during consideration b}- the board of mat- 
ters pertaining to the Engineer Department. 

The following is a list of the principal subjects reported upon dur- 
ing the year ended June 30, 1904: 



Reference 
file No. 



3ti*292. 




25537. 



37977. 



Ehrhardt 2-inch field gnn and car- 
riage. 



37-millimeter Vickers-Maxlm 1- 
pounder automatic gnn, with 
mountain t*quipment (supple- 
mental test). 

Type 15-pounder R. F. gun and 
mount, barbette carriage, model 
1902. Bethlehem Stool Co. 



31149. 
38182. 
36989. 



(Types of 
ice. 



mountain gnuH for serv- 
24802 Bofors 6-inch R. F. gun 



24802. 



11381. 



38292. 
35146. 



30160-F-205 



23o65-F-110 . 



Breech mechanlHm for 6-inch R. F. 
guns. 

Firing mechanisms for 8-inch, 
10-inch, and 12-inch B. L. rifles, 
and 12-inch B. L. mortar. 

Lining tube for seacoast gun in- 
jured by erosion. 

10-inch mortar carriage, model 
1900. 

Experimental mechanical ram- 
mer with 12-inch disappearing 
carriage, model 1901, No. 3. 

Safety firing switch for disappear- 
ing carriages. 



_o.. I Loading platforms for disappoar- 

f^^A \ ing carriages at practice with 

^^" I subcaliber tubes. 

37198 Illumination of elevation and azi- 
muth scales for .seacoast-gun 
I carriages. 

36862-27 Triple-worm gear for 12-inch B. L. 

rifle, model 1900. 

2:i565 Temperature tests of smokeless 

powder. 



30024-N-59.. 

35543 

:w:^75 

38252 



38238. 

23100. 
38195. 

24493. 
37438. 
24171. 

38491. 



Specifications for chemical tests 
and for manufacture of smoke- 
less powders. 

Value of (c) for 8 and 12 inch pro- 
jectiles. 

Experimental 15-pounder A. P. 
snell submitted by the Board of 
Ordnance and Fortification for 
Mr. Parke Shoe. 

Experimental 12-lnch *' rendible " 
A. P. shot. Firth-Sterllng Steel 
Co. 

15-pounder A. P. steel shell, de- 
signed for high explosive charge. 

3-inch high explosive field shell . . 

Range firings with 75-millimeter 

subcaliber tube, 
f Comparison of cast-iron project- 
t iles, capped, for 12-inch mortar. 

5-inch cast-iron shell with burst- 
ing charge in crinoline bag. 

Bethlehem 6-(M>under steel shell 
with ribbed cavity. 



Date of report. 



Sept. 23,190:^. 



Nature of report. 



Dec. 30, 1903 



Apr. 16,1904 . 



Sept. 29, 1903. 



July 20. 1903 
(Board of Ord- 
nance and For- 
tification). 

July 24.1903 



Jan. 25, 1904 

Aug. 19, 1903 
Aug. 11,1903 
June 23, 1904 



Not rocommendod. Should it 
be decided to adopt a lighter 
equipment than the 3-inch 
field gnn. it should be of a 
caliber to employ iin etticient 
shrapnel. 

Recommended for adoption in 
the movable armament of sea- 
coast defenses. 

Test generally satisfactory. 



V^Ickers-Maxim 75-millimeter 
mountain gun, with recom- 
mended modifications, 
deemetl sufficiently powerful 
for the service. 

Satisfactory. 



Bofors mechanism preferred, as 
compared with 6-inch Vickers- 
Maxlm and 6-inch model 1900. 

Recommending adoption of 
Homey firing mechani.Km, 
with changes from model of 
1903. indicated. 

Plans and computations. 



Test suspended. 



Test unsatisfactory in the form 
of rammer tried. Modifica- 
tions recommended. 
Mar. 26, 1904 ; Modification recommended. 



July 28, 1903. and 
Nov. 13. 1903; 
fourth indorse- 
ment on 36940- 
362. 

Nov. 9, 1903 



Indorsement 
June 4, 1903. 

Feb. 12, 1904: in- 
dorsement Mar. 
10, 1904. 

Indorsem en t 
July 27, 190:}. 

Indorsement 

Feb. 17. 191M. 
Oct. 20, 1903 



Sept. 26, 1903 



Recommending design. 
Amendments. 



Recommendations as to num- 
ber and kind of lights. 

Recommended. 

Tabulated results. 

Revised si>ecifications. 

Value of (<•). 

Test unsatisfactory. 

Do. 



Oct. 9. 1903 Test satisfactory. 

Feb. 1. 1904 Recommended for service. 

May 14, 1904 ' Data for range tables. 

Feb. 2, 1904 Recommended for target prac- 

j tice. 
Apr. 23, 1904 Not recommended. Test made. 



June 21,1904. 



Recommended provisionally. 
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Reference 
file No. 

Xy^n 

29020 

37811 

37819 

37846 

36715 

37089 

30160 

4513 

4613 

34852 

36020 

37848 

25537 

38513 

88431 

38357 

38651 

38602 

37494 

38385 

36329 

38641 



Subject. 



Deck armor with 8, 10, and 12 
inch A. P. shell, capped at vari- 
ous angles of incidence. 

Test of 4.5inch armor plates, in- 
clined 45°, with 6-inch rifle. 

4.5-inch shield for 6-inch barbette 
carriage. 

Forbes telemeter or range finder, 
binocular glass and folding 
base. 

Bar sight with 3-lnch telescope; 
Warner & Swasey contract, July 
18. 1902. 

Telescopic bore sight for 8, 10, and 
12 inch B. L. rifles. 

Artillery towing targets 



Date of report. 



Quadrants for 12-inch B. L. mortar. 

Scott automatic sight 

Horizontal range finder, Warner 

& Swasey. 
Stang range finder ( Norway ) 



Clarke automatic sight, 4.7-inch 
barbette carriage at Fort Wads- 
worth. 3-inch objective tele- 
scopic sights, Warner & Swasey. 
For tests of substitution of Poro 
prisms in model 1904. 

Grubb sight 



H. L. Rodgers, Boston, Mass., 
range finder. 

Evans, Wilkins & Co.. Washing- 
ton. Stewart range finder. 

Thompson mechanical time fuze . 

Hacherellc mechanical time fuze. 

Wilson-Lynch eccentric percus- 
sion fuze. United States Ord- 
nance Company. 

Jos. C. Heulings: Loeben Cannon 
patentj*. 

Eulotite explosive. J. P. Elliott, 
Washington, D. C. 

E. F. Houghton & Co., Philadel- 
phia. Pa., vici leather packing. 

Motley Green & Co., New York ... 



May 4, 1904 

July 7, 1903 

July 31, 1908 

Aug. 31, 1903 

June 18. 1903; Oct. 
6, 1903. 

Nov. 24, 1903 

Aug. 8. 1903; June 

10, 1904. 
May 20,1904 

Sept. 9. 1908 

Dec. 23, 1903 

De<'.22,1908 



Indorsement May 
* 4. 1904. 



Indorsement Mar. 

29, 1904. 
Indorsement Jan. 

16, 1904. 
Oct. 30, 1903 



Nature of report. 



Preliminary report. Test com- 
pleted except 10 and 12 inch 
capped ana uncapped shell 
against 3-inch plate. 

Nickel steel plate recom- 
mended. 

Trials satisfactory. 

Recommended for trial at Fort 
Leavenworth. 

Recommended alterations. 



Test unsatisfactory. 

Design recommended. Report 
of trials. 

Recommending design of Cap- 
Uin O'Hem. 

Preliminary report 

Test favorable to its construc- 
tion. 

Purchase of sample instrument 
recommended. 



Recommending the Poro 
prisms. 



Indorsement 

June 27, 1904. 
do 

I ndorsemen t 
Apr. 27, 1904. 

Oct. 13, 1903 

I nd orsement 

Dec. 8. 1908. 
Jan. 9, 1904 

Megadync explo- 
sive. 



recom- 



Docs not compare favorably 

with other telescopes. 
Jan. 16. 1904. Not 

mended. 
Not recommended. 

Test unsatisfactory. 

Purchase of sample lot of 30 

recommended. 
Trial unsatisfaoiory. 



Not considered practical and 

effective. 
Not satisfactory. 

Recommended. 

Sample found too sensitive in 
impact test. 



The followinfy papers are submitted as appendices to this repoiii: 

Aj>pend!x I. — Report of board on test of automatic machine ^ns. 
(15 plates.) 

Appendix II. — Resistance offered by cupro-nickel bullets when 
forced through bore of caliber .30 barrel. (8 plates.) 

Appendix III — Test of different widths of tires with siege artillery 
carriages. (23 plates.) 

Appendix IV. — Report from chemical laboratory at Sandy Hook 
Proving Ground. (19 plates.) 

Appendix V, — Report of Ordnance Board on range firings with 12- 
inch mortars. (3 plates.) 

Appendix VI — Report of Ordnance Board on test of field material. 

(23 plates.) 

Very respectfully, William Ckozier, 

Brig, Gen,^ Chief of Ordmance. 
The Secrbtaky of War. 
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REPORT OF BOARD ON TEST OF AUTOMATIC MACHINE GUNS. 

( 15 plates. ) 
Proceedings of a board of oflScers convened by the following order: 

1 



Special Orders, ) Headquarters op the Army, 

Adjutant-General's Office, 
No. 169. J Washingtanj July 21y 190S, 

[Extract.] 



36. By direction of the Secretary of War a board of oflBcers will assemble at Spring- 
field Armory, Springfield, Mass., on Monday, August 10, 1903, at 10 o'clock a. m., or 
as soon thereafter as practicable, for the purpose of testing such automatic machine 
guns, mounts, and pack outfits as may be referred to it by the Chief of Ordnance. 
Detail for the board: 

Capt. Edwin V. Bookmiller, Ninth Infantry. 
Capt. Tracy C. Dickson, Ordnance Department. 
Capt. John S. Winn, Second Cavalry. 
Capt. GeoiT^e D. Guyer, Sixteenth Infantry. 
Capt. William S. McNair, Artillery Corps. 
Captain Dickson will act as recorder of the board. 
The foliowing-named enlisted men will proceed to Springfield Armory, Springfield, 
Mass., and report in person to the senior member of the Doard on August 10, 1903, 
for duty with the board: 

Sergt. John Mulligan, Troop K, Second Cavalry. 
Sergt. Don L. Monteith, Troop I, Second Cavalry. 
Corpl. Joseph Thwaites, Twenty-third Battery, Field Artillery. 
Sergt. John J. McCarthy, Company A^ Ninth Infantry. 
Corpl. David Costello, Company D, Nmth Infantry. 
A programme of tests will be drawn up by the board and a copy thereof furnished 
the Chief of Ordnance. The board will conduct all tests relating to the safety and 
action of the mechanisms, the endurance and strength of the systems, and the accu- 
racy and rapidity of fire at the Sprin^eld Annory. Upon the completion of this 
part of the tests the board, accompanied by the above-named enlisted men, will pro- 
ceed to Fort Riley, Kans., and there conclude the programme with the tests of the 
mounts and pack outfits. 

The commanding oflRcer of Springfield Armory and of Fort Riley, Kans. , will afford 
all assistance and racilities required by the board in carrying out the programme 
adopted. 

Tne programme of tests will be drawn up, the trial conducted and expedited in 
the most practicable manner for the purpose of ascertaining the following, viz: 

First. The design of automatic machine gun best adapted to fulfill Qie require- 
ments of the military service. 
Second. The design of mount and x)ack outfit best adapted for field service. 
Third. The most convenient and serviceable form in which ammunition for auto- 
matic machine guns should be packe<l and issued. 

Fourth. The number of rounas of ammunition for which pack transportation should 
be provided with each gun. 

Upon the completion of the programme the board will submit a report of the tests 
with recommendations to the Chief of Ordnance, and upon its adjournment the mem- 
bers and the enlisted men will return to their proper sUitions. 
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The enlisted men upon the detarhment will be paid commutation of rations in 
advance at the rate of $l.t50 per day while en route to the points requlrini^ their pre^ 
ence in this onler, it l>oinjj impracticable for them to carry rations in kind. 
The travel enjoined is neceasary for the public service. 
Bv command of Lieu tenant-General Miles: 

W. P. Hall, 
Actitig Adjuiant'GeneraL 

The convening order was subsequently amended by a letter addressed 
to each member of the l>oard and by the following order: 

War Department, 
Ai>.iittant-Grnkral*8 Office, 

Washutgton, JtUy SI, 190S, 

Sir: Referring to paragraph 36, Special Orders, No. 169, July 21, 1903, from this 
office, convening a Inward of officers to meet at Springfield Armory, Springfield, Ma^., 
on August 10, 1903, for the jnirpose of testing aut^^matic machine guns, etc., I have 
the honor to inform you that the Secretary of War so modifies the order above cited 
jis to direct that the board shall meet at the Springfield Armory on Angnst 20, 1903. 
Very respei^t fully, 

Jas, S. Pbttit, 
A mutant AdjiUant-General. 



Si»ecial Onlers, 
No. 21. 



) 



War Department, 
W(Ufhington, September 9, 19M. 



[Extraot.] 



23. Paragraph 36, Si)ecial Orders, No. 169, July 21, 1903, Adiutant-Generars Office, 
is so amended as tx) direct the memlers of the lx>ard convened l)y said order and the 
enlisted men on duty therewith, upon the completion of the firing tests at the Spring- 
field Arnif>ry, Springfield Mass., to proceed to Fort Riley, Kans., for the purpose of 
making the test^ of the mounts, paclc outfits, carriages, etc., prior to the army maneu- 
vers to be held at that place, and upon the completion of the tests to return to the 
Springfield Armory auxi there conclude the programme of tests outlined in the order 
af)ove cited, and u|X)n the adjournment of the board the officers and enlisted men to 
return to their proper stations. The enlistinl men upon the detachment will he paid 
comnmtation of rations in advance at the rate of $1.50 per day while en rout^; to the 
points reijuiring their presence in this onler, it l)eing impractiiable for them tt> carry 
rati<m8 in kind. The travel enjoined is necessary for the public service. 



By order of the St'rretary of War: 



Orticial: 

W. P. II all, 

A ('tiny A iljtUant- Genernl : 



S. B. M. YouNO, 
TAenteuimt' Oenernl, Chief of Staff. 



Springfikij) Armort, 
SprltHfJiehl^ Mohh.^ Ocioher 18^ 190S, 

The boanl met pui'suant to the foregoinjif orders at 10 a. in., August 
20, 1903, with all the members present. The enlisted men named in 
the convening order reported m person to the senior member and 
remained on duty with tne board until its adjournment. 

The board pnx^eeded with the tests of the material submitted to it, 
meeting from day to day with all members present except as follows, 
viz: Capt. T. C. Dickson, Oi*dnance Department, al>sent on official 
business as recorder of the Board of Ordnance and Fortification from 
September 1 to 1:^, inclusive, and from Si*ptember 28 to October 2, in- 
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elusive. Capt. George D. Guyer, Sixteenth Infantry, absent on official 
business as witness before a general court-martial from September 15 
to 18, inclusive, pursuant to telegraphic instructions from the Adjutant- 
General, Unitena States Army. 

A programme of tests was adopted and a copy thereof submitted to 
the Chief of Ordnance, United States Army, which was approved by 
him. 

The commanding offir^er of Springfield Armory, in accordance with 
the instructions of the Chief of Ordnance, turned over to the board, 
upon its convening, the following automatic machine guns, mounts, 
pack outfits, etc., viz: 

Danish rifle-mitrailleuse, tripod, loading machine, and accessories. 

Colt's automatic machine gun, tripod, and mount, carriage, loading 
machine, and accessories. The pack outfit for this gun was delivered 
to the board at Fort Riley, Kans. 

On September 14 the Vickers Sons & Maxim solid action and stand- 
ard pattern automatic machine guns, combined field (carriage and 
tripod, galloping carriage with sleigh mounting, pack outfit, loading 
machine and accessories were delivered to the board. 

On October 13 the Vickers Sons & Maxim light tripod was delivered 
to the board. 

In accordance with paragraph 23 of Special Orders, No. 21, War 
Department, September 9, 1903, the board, having completed nearly 
all the firing tests of the Danish, Colt, and two Vickers guns, pro- 
ceeded to Fort Riley, Kans., and there conducted the field tests from 
September 28 until October 6, 1903, when it returned to the Spring- 
field Armory. 

Except wnere otherwise stated in the proceedings, all tests and fir- 
ings were made by the members of the board, assisted by the enlisted 
men. 

On account of inclement weather, etc., the tests were not all made in 
the order given in the programme. The total number of rounds given 
at the completion of each test indicates the order in w hich the tests 
made with each gun were conducted. 

All ammunition fired in the Colt and two Vickers guns was marked 
" Rifle velocity at 53 feet, 2,255 feet." 

An illustrated description of all the material furnished the board 
for test is appended hereto. 

PROGRAMME OF TESTS OF AUTOMATIC MACHINE (JUNS. 

Kacb of the tests that include firing at a target will be preceded by 

as many sighting shots as may be necessary to insure accumcy of aim, 

and the number of shots so fired in each case will be recorded. Should 

the design of any gun be of such a nature as to reqjuire additional or 

further tests to determine its suitability for the military service, such 

tests will be made, and the reasons therefor and the results obtained 

stated. 

Pabt I. 

Testl, 

(a) The gun will be dismounted and an examination made by the 
board of all the working parts of the gun, feed mechanism, loading 
machine, etc. 
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(b) The number of working parts, screws, and springs will be 
recorded. 

(c) The chamber will be gauged and the headspace measured; the 
length of the bolt, and of all shoulders and lugs which sustain the 
powder pressure will be recorded. 

Testis. 

One hundred shots will be fired deliberately into a stop butt to deter- 
mine the action of the gun. 

Tests. 

The velocity at 53 feet from the muzzle will be measured. This 
velocity will be the mean of ten consecutive shots. 

Test 4- 

(a) A belt of 100 cartridges in which every fifth one is a dummy, 
and in which 15 of the ball cartridges have been removed at irregular 
intervals in order to determine the effect of blank spaces, will be run 
through the gun and the ball cartridges fired into a stop butt. 

(h) Twenty-five cartridges will be fired into a stop butt, the bullets 
in tnree of the cartridges being seated about one-quarter of an inch 
too deep in the case, the bullete of three other cartridges projecting 
about one-quarter of an inch too far from the case, and nve of the 
cases being deformed by flattening the body different amounts. 

Tests. 

Replacing parts damaged or broken while firing. 

(a) Removing and reinserting lock. 

[h) Removing and reinserting the extractor. 



[c) Removing and reinserting the firing pin. 



(a) Removing and reinserting any other parts of the breech mechan- 
ism which from their design are liable to l>e injured in action. 

In making tests («), (6), ((?), and (d) the accident is supposed to 
happen durmg firing and while the feed belt is partiallv rail. The 
time elapsing between the order to replace the part ana the recom- 
mencement of firing will be recorded in each case. 



Test 6. 

{a) Twenty-five shots will be fired into a stop butt, the cartrid^ 
cases of three of which were previously thorougnly coated with re^m 
to determine the effect of a cartridge stuck in the chamber. 

(h) The extractor will be removed and an attempt made to fire five 
cartridges from the belt to test the effect of a broken extractor. 

Test?. 

(a) Two hundred shots will be fired to test the action of the feed 
mecnanism with the gun at the greatest depression obtainable. The 
angle of depression, time of firing 200 shots, action of feed, and effect 
of recoil on mount and aim will be noted. 

(h) Two hundred shots will be fired to test the action of the feed 
mecnanism with the gun at the greatest elevation obtainable. The 
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angle of elevation, time of firing the 200 shots, action of feed, and 
eifeit of recoil on mount and aim will be noted. 

(c) Two hundred shots will be fired to test the action of the feed 
mechanism with the gun kept constantly in motion between greatest 
depression and highest elevation obtainable. The angle of variation, 
time of firing 200 shots, action of feed, and effect of recoil on the 
mount and aim will be noted. 

Tests, 

Two hundred shots will be fired automatically with the normal rapid- 
ity of the gun at a target 12 feet by 30 feet at 500 yards' range with 
the aim fixed. Hits, time, action of gun, derangement of aim, and 
dispersion of hits on target will be noted. 

Test 9. 

Two hundred shots will be fired automatically with the extreme 
rapidity obtainable at a target 12 feet by 30 feet at 500 yards' range, 
with the aim fixed. Hits, time, action of gun, derangement of aim, 
and dispersion of hits on target will be noted. 

Test 10. 

Two hundred shots will be fired automatically with the normal 
rapidity of the gun at a target 12 feet by 45 feet at 500 yards' range, 
aim oscillating. Hits, time, and action of gun will be noted. 

Test 11. 

Two hundred shots will be fired automatically with the normal 
rapidity of gun at a target 12 feet by 30 feet at 1,000 yards' range, 
aim fixed. Hits, time, action of gun, derangement of aim, and dis- 
persion of shots on target will be noted. 

Testis. 

Two hundred shots will be fired automatically with the extreme 
rapidity obtainable with the gun at a target 12 feet by 30 feet, at 1,000 
yards' range, aim fixed. Hits, time, action of gun, derangement of 
aim and dispersion of shots on target will be noted. 

Test IS. 

The following series of consecutive rounds will be fired automatically 
at a target 12 by 30 feet, at some convenient range, in order to deter- 
mine the endurance of the gun; effect of the heat developed upon the 
working of the mechanism; the rate of firing to be the normal of the 
particular gun under test, aim fixed: 

First series, 1,000 rounds. 

Second series, 2,000 rounds. 

Third series, 3,000 rounds. 

Fourth series, continuous firing to determine the number of rounds 
that can be fired without interruption before the action of the gun is 
impaired by heat, fouling, etc.; the number of rounds fired to be 
recorded. 

For each of the above series the number and dispersion of hits, 
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time and action of gun and mount will be recorded. The condition of 
the mechanism before commencing and at the end of each series will 
bo recorded. 

If the barrel is cooled with water, the rate of evaporation for each 
.series will be recorded. 

As soon as the last shot of each of the above four series has been 
Hred a cartridge will be inserted in the chamber and the breech mech- 
anism closed in order to determine the effect upon the mechanism in 
case the cartridge should be fired by the remaining heat. 

TeH 14. 

The gun will be cleaned and dismounted and all the working parts of 
the mecnanism examined and any changes therein noted. The chamber 
will be gauged. The headspace and such other parts as were measure 
under Test 1 will be remeasured and the changes tabulated. 

Test 15, 

To test the action of the mechanism with increased and reduced pow- 
der pressure 25 consecutive shots will be fired with cartridges loaded to 
ffive a powder pressure 25 per cent greater than the standard, and 25 
oaded to give a powder pressure 25 per cent less than the standard; 
action of mechanism to be noted. 

Test 16, 

The gun will be fired twice with each of the following cartridges: 
(a) (Tross-filed on head to nearly the thickness of me^l. 
(bj Cut at intervals through extractor groove into powder space. 
(c) Cut longitudinally nearly through body of shell. 

Test 17, 

The gun to be dismounted, thoroughly cleaned, and all parts dried 
l>efore assembling, after which it will be exposed, with mechanism 
dosed and both ends of barrel tightly corkea, to a blast of fine sand 
for fifteen seconds; surplus sand to be removed by blowing thereon 
and wiping with bare hand; 100 shots will then be fired into a stop- 
butt; time of firing 100 shots and action of gun to be noted. 

Test IS. 

Five cartridges loaded to give a powder pressure of 76,000 pounds 
T)er square inch will l>e fired to test the strength of the working parts. 
The mechanism will then be examined, the chamber gauged, the nead- 
space and other parts measured, and all changes tabulate. 

Test 19. 

The gun will be dismounted, all parts thoroughlv cleaned and dried, 
and, after assembling, the ends of the barrel will be tightly corked^^ 
and the gun then placed in a saturated solution of sal ammoniac for 5 
niinutes. After exposure in a damp atmosphere for 48 hours 100 shots 
will be fired into a stop butt. Time of firing and action of the gun 
will be recorded. 
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Test 20. 

(a) Time required to load 1,00<) cartridges into belt or feed-guide, 
both by machine and bv hand. 

(h) Two belts or feea-guides filled with cartridges will be soaked in 
water for 12 hours. At the end of this time one belt or feed-guide 
will be handled as roughly as is liable to oexjur under service condi- 
tions and the cartridges then fired; the second belt or feed-guide will 
be exposed to the air until dry, then handled as roughly as is liable to 
occur under service conditions and the cartridges fired. 

(c) Six belts or feed- guides will be soaked in water for 12 hours. 
One belt or feed-guide will then be loaded by machine and the cart- 
ridges fired; a second will be loaded by machine, then dried by expo- 
sure to the air and the cartridges fired; a third will be dried by expo- 
sure to the air and then loaded by machine and the cartridges fired; a 
fourth will be loaded by hand and the cartridges fired; a nfth will be 
loaded by hand, then dried by exposure to the air and the cartridges 
Kred, and a sixth will be dried by exposure to the air, then loaded by 
hand, and the cartridges fired. 

Part II. 

MOUNTS, PACK OUTFITS, AND CARRIAOE8. 

Testl. 

A general examination of the packs, mounts, and carriages will be 
made by the board. 

Test 2. 

A detachment will be formed and thoroughly drilled in packing and 
handling each gun and its mount. 

Test 3. 

Being on the march, the time required to unpack each gun, mount, 
and 500 rounds of ammunition and to bring them into action and com- 
mence firing will be determined. 

Test 4. 

When firing, the time required to pack each gun, mount, and annnu- 
nition, and to take up the march will be determined. 

Test 5. 

Being on the march, the time required for each detachment of 3 
men to unpack the gun, tripod or mount, and 500 rounds of ammuni- 
tion, and to carry them forward on the run 300 yards, and to set them 
up and begin firing will He determined. This test will be repeated 
with the V ickers combined carriage and tripod, 2 men running the 
carriage with the gun mounted thereon and 1 man carrying 500 rounds 
of ammunition forward over the same ground. 

Test 6. 

The galloping carriage with the Vickers Sons & Maxim gun will 
accompany the pack train on its marches: it will be drawn by a single 
horse on the 9-mile and by 2 horses on the other inarches. All tests 
prescribed for the pack outfit, when applicable, w^ill be made with this 
carriage and the sleigh mount. 
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TeH7, 

A march of about 9 miles will be made, the gait to be that of cav- 
alr}-^ marching at a walk. 

Te9t8, 

A march of about 15 miles will be made, the gait to be at a trot for 
alK)ut one-half the distance. 

Test 9. 

On three consecutive days marches of about 20 miles each will be 
made, one-half the distance each day to be at a trot, if practicable. 

Test 10. 

The following points will be determined by actual drill with the 
pack oulit recommended for adoption, viz: 

{a) The number of pack mules required for the pack outfit for one 
gun with its mount, amnmnition, loading machine, spare parts, acces> 
sories, water, etc. 

(}) The articles that should be packed on each mule. 

{c) The number of men of which a detachment should consist for 
pr.operly handling the pack outfit for one gun, mount, ammuni- 
tion, etc. 

{a I) The total number of rounds of ammunition that should be car 
ried with one gun. 

{e) The best method of carrying the ammunition. 

( /) The amount of water that should be carried with one gun pro- 
vided with water jacket and the best method for transporting it. 

RESULTS OF PROGRAMME OF TP>>TS OF DANISH RIFLE MITRAILLEUSE, 

Lieut. Jens Stoul>oe, of the Danish army, the inventor of this gun, 
was present during its test. The calil>er of the ^un submitted to tiie 
l>oara was 6.5 millimeters, and therefore the United States standard 
cartridge could not be used in it. Owing to the limited number of 
rounds of ().5-millimeter ammunition furnished with the gun, the num- 
ber to be fired under each test was proportionately reduced. The 
ammunition furnished with the gun was marked '*6.5 mm. of 1899." 

Tesll, 

(a) The gun was completely dismounted and all parts examined by 
the members of the board. 

(J) This gun is composed of 80 component parts, exclusive of the 
front and rear sights and of the tripoa arms attached to the barrel 
casing. Included in these 80 parts are 11 spiral springs, 1 flat spring, 
15 pins, and 9 screws. The screws have spring arms instead of slotted 
heads. 

(r) The interior dimensions of the chamber, the head space, the 
length of the l)olt, and the distance from the rear end of the rrnrrel to 
the rear supfmrt of the breechblock in the receiver were measured. 
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TeM2. 

Thirty rounds were fired automatically into a stop butt to determine 
the action of the ^un, which was excellent. Time, 4 seconds. 
Total number of rounds fired, 30. 

Tests, 

The velocity at 53 feet from the muzzle was measured and found to 
be 2,228 feet per second. 

Total number of rounds fired, 54. 

Test 4. 

(a) A feed case loaded with 20 ball and 5 dummy cartridges, every 
fifth being a dummy, was inserted in the hopper and the 20 ball car- 
tridges fired. Time of firing, 18 seconds. When the gun was snapped 
on a dummy it was necessary to pull the ci*ank back once in order to 
eject the dummy and insert the next cartridge in the chamber, when 
firing could be resumed by pulling the trigger. The design of this 
feed case is such that empty spaces can not occur in it. 

Total number of rounds fired, 74. 

(h) One feed case was loaded with 25 cartridges, which were fired in 
tlic following order, viz: 5 ball cartridges, 1 ball cartridge with the 
body of case markedly flattened, 1 ball cartridge, 1 ball cartridge with 
body of case slightly dented, 1 ball cartridge, 1 ball cartridge with 
lK)dy of case sligntly flattened, 1 ball cartridge, 1 ball cartridge slightly 
dented at the neck, 1 ball cartridge, 1 ball cartridge dented longitudi- 
nally in the body, 1 ball cartridge, 3 ball cartridges with the bullets 
withdrawn one tnirty-second of an inch from the case, 1 ball cartridge, 
1 ball cartridge with the bullet inserted one-fourth of an inch in the case 
farther than m the standard cartridge, 1 ball cartridge, 1 ball cartridge 
with the bullet inserted one-fourth of an inch, 1 ball cartridge, 1 ball 
cartridge with the bullet inserted one-fourth of an inch, 1 ball cartridge. 
The first cartridge with the flattened aise could not be fully inserted 
in the chamber and it was necessary to take the gun apart in order to 
remove it; the second dented cartridge was not fully seated in the 
chamber, but was extracted by means of the crank; the third flattened 
cartridge was inserted and fired; the fourth could not be inserted in 
the chamber and had to be removed, and the fifth was fired and 
extracted automatically. As the barrel of this gun was rifled so that 
the bullet bears on the rear end of the rifling when the cartridge is 
3roperly seated in the chamber^ the three cartridges with bullets pro- 
ecting one thirty-second of an inch too much from the case could not 
)e forced into the chamber and were not fired. The remainder of the 
cartridges in the feed case were satisfactorily fired. 

Total number of rounds fired, 93. 

Tests. 

The replacing of the parts was done by the same member of the 
board that made this test with all the guns tested. The time recorded 
in each case was that elapsing from the signal to cease firing until fir- 
ing was resumed. 

WAR 1904— VOL 10 6 
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(a) Time required to remove and reinsert the lock, 3 minutes and 13 
seconds. 

(J) Time required to remove and reinsert the extractor, 1 minute 
and 38 seconds. 

(c) Time required to remove and reinsert the firing pin, 3 minutes 
and 25 seconds. 

(d) No additional parts were removed. 
Total number of rounds fired, 147. 

Test 6. 

(a) Three cartridge cases were thoroughly coated with resin and 
loaded with 22 other cartridges into a feed case, and fired satisfactorily. 

Total number of rounds fired, 172. 

(b) The design of the gun being such that with a broken extractor 
the cartridge case could not be removed from the chamber, this test 
was omitted. 

Test 7. 

(tf), (5), (e). As this gun is in reality a magazine rifle with an exte- 
rior magazine, and as the feed of the cartridges from the feed case 
into the hopper is iK)sitive at all elevations, this test was omitted. 

Tests. 

First trial, — Five sighting shots were fired. After firing 20 rounds 
the barrel and receiver did not recoil sufficientlv far to cause the car- 
tridge feeder to engage the cartridge in the hopper. At the board^s 
request. Lieutenant Stouboe replaced the percussion spring by a 
weaker one. When this was done the cam on the percussion lever 
was found to l)e burred. 

Total number of rounds fired, 118. 

Secofid tritd. — Four sighting shots were fired. In attempting to 
fire 200 rounds the recoil of the barrel was still not sufiicient to prop- 
erly operate the mechanism after the second, fifth, seventh, nintu, 
eleventh, and thirteenth shots. A second feed case was inserted, but 
the mechanism failed on the first shot. The gun and mount were then 
removed from the ground to a platform floor, but the mechanism 
failed to operate after the first shot. 

Total number of rounds fired, 193. Of the 21 cartridges fired the 
cases of 7 were found to l)e split at the neck. 

Third trial. — One hundred and eighty rounds were fired with fre- 
quent and constant interruptions, due to the failure of the barrel and 
receiver to recoil sufficiently far to enable the cartridge feeder to 
engage the lower cartridge in the hopper. 

Total number of rounds fired, 373. 

In order to increase the energ}^ of recoil of the barrel and receiver, 
the diamet(M- of the hole in the barrel-casing plug, through which the 
bullet passes, was decreased so as to increase the reaction of the powder 
gases against the muzzle of the barrel. After this alteration 100 
rounds were fired, during which the recoil was insufficient three times; 
150 rounds were then fired with only one insufficient recoil. 

Total numl)er of rounds fired, 623. 
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At the request of Lieutenant Stouboe the cartridges in each feed 
case were hereafter oiled, as he stated that the parts were now adjusted 
so that the energy of recoil was too great, and that, therefore, the 
extractor was liable to be broken. As he had but one extractor for 
the gun, oiling of the cartridges was permitted. 

Fourth trim. — Five sighting shots. After firing about 60 rounds 
a cartridge was jammed during its passage from tne hopper into the 
chamber, but was removed in a few seconds and firing resumed; 157 
rounds were fired satisfactorily, but at the next shot the cartridge 
case ruptured about one-fourth of an inch in rear of the neck. The 
latter part remained in chamber and prevented the insertion of the 
next cartridge; 74 hitson target; 18 cartridge shells were found cracked 
at the neck. 

Total number of rounds fired, 786. 

The other members of the board then fired 30 rounds each, with the 
gun mounted on the tripod, as in the preceding trials, the results of 
which are recorded in the 6th, 6th, 7th, and 8th trials. Each 30 rounds 
were fired automatically and without stopping. 

Fifth trial. — ^After 2 sighting shots, 30 rounds were fired with 21 
hits. The horizontal distance between extreme shots was 20 feet and 
the vertical distance 6 feet. 

Si^ih trial, — After 2 sighting shots, 30 rounds were fired in 4 seconds 
with 12 hits; 6 cartridge shells were found split at the neck. 

Seventh trial, — After 2 sighting shots, 30 rounds were fired in 4f 
seconds with 26 hits; 4 cartridge sliells were found split at the neck. 

Eighth trial, — After 2 sighting shots, 30 rounds were fired in 8 
seconds with 19 hits; 6 cartridge shells were found split at the neck. 

Total number of rounds fired, 914. 

The 9th to 15th trials, inclusive, were fired by the members of the 
board using the prone position and the muzzle-rest device. In these 
trials particular attention was paid to keeping the gun accurately 
aimed and, when necessary, firing was stopped for that purpose during 
each lot of 30. 

Ninth trial. — After one sighting shot, 7 rounds were fired, when 
the extractor failed to remove the shell from the chamber. 

Tenth tri^il, — Thirty rounds were fired in 1 minute and 10 seconds, 
the greater part of which were fired automatically. The recoil was 
insufficient 3 times to enable the cartridge feeder to catch the cartridge 
in the hopper; 25 hits; 4 cartridge cases split at the neck. 

Eleventh trial, — After one sighting shot, 30 rounds were fired in 
1 minute and 8 seconds, most of which were fired automatically; 16 
hits. One failure to load. 

Twelfth trial, — One sighting shot. First shot failed to properly 
feed into the chamber, and on the third shot firing was stopped by a 
cartridge case having ruptured, part of which remained in the chamber. 

Thirteenth trial, — Thirty rounds were fired in 1 minute and 6 sec- 
onds, 22 as single shots and 8 automatically; 30 hits. 

Fourteenth trial, — After one sighting shot, 30 rounds were fired in 
55 seconds, 27 as single shots and 3 automatically; 29 hits. 

Fifteenth trial, — After one sighting shot, 30 rounds were fired in 
55 seconds, with 2 failures to load. These 30 shots were fired auto- 
matically in series of 2 each; 25 hits. 

Total number of rounds fired, 1,079. 
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At the request of the board Lieutenant Stouboe fired the 16th and 
17th trials, using the prone position. 

Sixteenth trial, — One signting shot was fired. In inserting* this 
cartridge it jammed during its passage into the chamber. Thirty 
rounds were hred as single shots, with 30 hits. The first 29 ^ere fired 
in 12 seconds. 

Set^enteenth trial, — Thirty rounds were fired automatically in 3 
seconds, with 22 hits. 

Total number of rounds fired, 1,140. 

Test 9. 

Omitted, since the gun is designed to have but one rate of automatic 
fire. 

Tests 10, 11, and IS. 

Omitted, as the feed mechanism of the gun was so uncertain in its 
action that the results obtained would not be comparable with those 
obtained with the other guns tested. 

Test IS, 

On account of the failure of the feed mechanism to operate properly, 
the board requested Lieutenant Stouboe to make all the firings of this 
test. The gun was fired from the prone position, using the muzzle 
rest device. 

Before beginning this test both bearings of the barrel were oiled 
and two sighting snots fired. Ten feed cases were filled, making SCO 
rounds. The cartridges in the feed cases were oiled. After the 121st 
shot was tired, the feed mechanism failed to operate. After firing 
the 122d shot it was found that a shell had ruptured, part remaining 
in the chamber. Time of firing 122 shots, 1 minute and 10 seconds. 
The feed mechanism failed to operate at the 124th shot. In inserting 
the 5th case, 2 cartridges dropped out, and during the firing of that 
case 1 cartridge jammed in the feed mechanism in such a way as to 
necessitate partial dismounting of the gun to remove it. The time 
consumed in dismounting and reassembling these parts was 45 seconds. 
The 6th and 8th cases were fired without a hitch; one failure of the 
feed mechanism occurred in the 7th, and during the 9th case firing 
stopped because the barrel had expanded by the neat until it bound in 
its rear bearing; 245 cartridges were fed into the hopper, 13 of whirh 
were taken out while removing jams and dismounting the gun, making 
a total of 232 rounds tired in 8i minutes, with 151 hits; 4 cartridge 
cases were ruptured and 64 were split at the neck. Total number of 
rounds tired, 1,374. 

Second triffl. — All working parts of the gun were thoroughly oiled. 
Ten feed cases were loaded with 300 cartridges, which were oiled. 

First case: Fired without a jam. 

Second case: When case was inserted, the tirst cartridge jammed in 
the feed mechanism; tiring satisfactory. 

Third case: When case was inserted, tirst cartridge jammed in the 
feed mechanism. 

Fourth case: When case was inserted, the crank had to be operated 
several times before the first cartridge was inserted in the chamber. 

Fifth case: When case was inserted, the first cartridge jammed in 
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the feed mechanism. During the firing of this case the feed roechan- 
i.sm jammed once, and consioerable effort was required to remove the 
cartridge. 

Sixth case: Fired without a jam. 

Seventh case: When case was inserted, the tirat cartridge jammed in 
feed mechanism. 

Eighth case: When case was inserted, the first cartridge jammed in 
feed mechanism and there were three other stops during the firing, 
due to the same cause. During the firing of tnis case the elevation 
changed. 

Ninth case: Fired without a jam. 

Tenth case: Fired without a jam. 

Two Imndred and ninety-nine rounds were fired in 5 minutes and 
2 seconds, with 252 hits. The horizontal distance between extreme 
hits was 30 feet and the vertical 15 feet. 

When each of the last 6 feed cases were inserted the barrel bound 
in its rear bearing and the mechanism failed to close automatically. 
In closing the mechanism by means of the operating handle the opera- 
tor found it necessary to rise on his knees m order to exert the lorce 
required. At the conclusion of this test the ground around the muzzle 
and beneath the opening in the receiver, through which the empty 
shells are ejected, was markedly burned. 

Total number of rounds firecl, 1,673. 

As the feed mechanism of this gun constantly failed to opemte 
properly the board deemed it unnecessary to subject it to the remain- 
ing tests of the programme. 

RESULTS OF THE PROGRAMME OF TESTS WITH COLT AUTOMATIC 

MACHINE GUN. 

Mr. Moore, the representative of the Colt's Patent Fire Arms Man- 
ufacturing Company, was present during the tests of this gun. 

The Colt's Patent Fire Arms Manufacturing Company informed 
the board that the barrel rifled with a twist of one turn m 10 inches 
had been fired 1,125 rounds, and the one rifled with one turn in 8 
inches had been fired 90 rounds prior to the submission of their gun 
to the board. The barrel rifled with one turn in 10 inches was used 
in the following tests, except where otherwise stated: 

Test 1, 

{a) The gun was completely dismounted and all of its working parts 
examined by the members of the board. 

{b) The total number of component parts in this gun, exclusive of 
the sights, is 100. This includes 14 spiral springs, 18 pins, and 17 
screws. 

{c) The interior dimensions of the chamber, the headspace, and 
length of the bolt were measured. 

Testg, 

One hundred* rounds were fired automatically to test the action of 
the gun, which was excellent. 
Total number of rounds fired, 100. 
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Test S. 

The velocity at 53 feet from the muzzle was found to be 2,277 feet 
per second; the ammunition used was marked '^ Rifle velocity at 58 
feet 2,255 feet." 

Total number of rounds tired, 112. 

Test 4^ 

{a) Eighty ball and 20 dummy cartridges were loaded into a belt, 
every fifth being a dummy, fhe 8th, J 9th, 27th, 28th, 31st, 46th, 
47th, 52d, 59th, 67th, 68th, ^76th, 82d, 88th, and 99th ball cartridges 
were removed. The belt was run through the gun in 40 seconds. 
Each blank space and dummy stopped the firing. When firing was 
stopped by a dummy or blank space it was necessary to make one 
oscillation with the gas lever and to pull the feed belt until the next 
cartridge was engaged by the feed wheel. 

Total number of rounds fired, 177. 

{b) Twenty-five cartridges were loaded into a belt so as to be fired 
in the following order, viz: 5 ball cartridges, 1 ball cartridge with the 
case slightly flatteiied, 1 ball cartridge, 1 ball cartridge with the case 
dented, 1 ball cartridge, 1 ball cartridge with the case flattened at the 
neck. 1 ball cartridge, 1 ball cartridge with the body of the case flat- 
tened, 1 ball cartridge, 1 ball cartridge with the case dented longitudi- 
nally, 1 ball cartridge, 3 ball cartridges with the bullet pulled out of 
the case one-fourth of an -inch farther than in the standard cartridge, 
1 ball cartridge, 1 ball cartridge with the bullet inserted one-fourth of 
an inch in the case farther than in the standard cartridge, 1 ball car- 
tridge, 1 ball cartridge with the bullet inserted one fourth of an inch 
in the case, 1 ball cartridge, 1 ball cartridge with the bullet inserted 
one-fourth of an inch in the case, 1 ball cartridge. These cartridges 
were tired without interruption except that one, with the case flattened, 
was not automatically seated in the chamber, but was forced in by 
hand and fired, and the first cartridge with the bullet pulled out one- 
fourth of an inch could not enter the slots in the side plates, being too 
long. The bullets of these cartridges were forced into the case so as 
to project only one-eighth of an inch moi*e than the standard cartridge 
and were fired without interruption. 

Total number of rounds fired, 202. 

Tests, 

The replacing of damaged or broken parts was done by the same 
member of the board who made thefrc tests with all the guns. The 
time recorded in each case is that elapsing from the signal to stop 
firing until firing was renewed. 

(a) The lock was removed and reinserted in 33 seconds. 

{h) The extractor was removed and reinserted in 1 minute and 31 
seconds. 

(c) The firing pin was removed and reinserted in 1 minute and 32 
seconds. 

(rf) No other parts of the breech mechanism were removed. 

Total number of rounds tired, 650. 
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Tesl 6. 

(a) Three cartridges were coated with resin, and, as they could be 
inserted in the belt only with considerable difficulty, were not fired 
from it. The 3 cartridges were fired and the cases extracted from the 
chamber and ejected from the gun. 

Total number of rounds tired, 653. 

(b) The first cartridge was fired, but not extracted. The belt wa« 
ulled back and the shell removed by a rod inserted in the bore. 
Vhen the second mrtridge Vas fired the same action occurred. 

Total number of rounas tired, 1,298. 

Te9i 7. 
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(a) One sighting shot was fired. The depression of the gun before 
firing was 33 degrees and 45 minutes. The first 100 rounds were fired 
witli the belt resting on tlie platform from which the gun was fired, 
but the bullets caught on the side plates of the gun and the feed 
mechanism did not work properly. The second 100, with the belt in 
the box, were fired without a hitch in 12 seconds. After firing 200 
rounds the depression was 32 degrees and 40 minutes. This test was 
made with the gun on a wooden platform, and at its conclusion the 
mount had moved to the rear about one-half an inch. 

(/>) Angle of elevation, 34 degrees and 50 minutes; 200 rounds were 
fired in 24 seconds. Action of gun excellent; no change in elevation 
occurred. 

(c) Two hundred rounds were fired with the aim oscillating between 
a depression of 33 degrees and 45 minutes and an elevation of 34 
degrees and 50 minutes in 26 J seconds. Action of gun excellent. 

Total number of rounds fired, 2,261. 

■ 

Special test. 

In order to further test the action of the feed mechanism with the 
belt resting on the platform on which the mount was placed, with aim 
oscillating between an angle of 15** depression and 15"* elevation, 41 
rounds were fired with the aim constantly changing between these 
limits, when the firing was stopped by the extractor failing to remov^e 
an empty shell from the chamber. The bullet in the cartridge on the 
carrier was pushed in against the powder. The feed mechanism 
worked satisfactorily. 

Total number of rounds fired, 2,302. 

TeM 8, 

Eight sighting shots were fired. At the 113th round firing was 
stoppned by an apparent misfire; time of firing 113 rounds, 14| sec- 
onds. At the 135th round firing was stopped by an apparent misfire; 
time of firing the 135 rounds, 18| seconds. At the 180th round firing 
was stopped by an apparent misfire; time of firing 180 rounds, 25f 
seconds. The 200 rounds were fired in 29 seconds. During this firing 
the elevation changed slightly, the muzzle having worked upward; 152 
hits. The horizontal distance between extreme shots was 5i feet and 
the vertical distance 6 feet. 
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Second truiL — Before beginning this series a longer firing" pin wa^? 
inserted and one sigliting shot hred; 200 rounds were tired in :i4| 
seconds, all of which struck the target. The horizontal distance 
between extreme shots was 5 feet 11 inches and the vertical distance 6 
feet 11 inches. Six of the shots were relatively low and to the rieht 
of the remainder, most of which were closely grouped. Four cartridge 
shells, split at the neck, and one leaky primer were found. The 3 
cartridg(?s that misfired in the first trial were then inserted and fired, 
showing that the apparent misfires in that series were due to a defect- 
ive firing pin. 

Total immber of rounds fired, 611. 

Te*i 9. 

As this gun is constructed to have but one rate of automatic tire, 
this test was omitted. 

Test 10. 

Before beginning this test a clamping device designed by the com- 
pany for its mount was attac^hed and the clamp adjusted so that the 
oscillation of the gun was limited within the angle subtending the 
target. Four sighting shots were fired; 200 rounds were fired m 24 
seconds. As the clamp for limiting the oscillation of the gun worked 
loose, a large number of shots strucK tothe right and left of the target. 
One leaky primer was found. Sixteen shots were then fired by the 
difi'eront members of the board for the purpose of familiarizing tncm- 
selves with the oscillation of the mount when firing automaticall3\ 

Secfmd trial, — Two hundred shots were fired; time lost, 110 \i\is. 
During the firing it was necessarv to decrease the elevation, which 
gradually increased. One cartridge, which was not fired, and the 
primer of which indicated that it had been struck only a light blow, 
was inserted in the gun and on second trial fired. 

Total number of rounds fired, 1,073. 

Test 11, 

First tr!al, — Seven sighting shots were fired. After 146 rounds 
were fired the elevation had increased and the muzzle had worked to 
the right so that the line of sight was oflf the target, although the clamps 
for both elevation and azimuth were tight; TlTiits. During this trial 
the two front legs of the tripod were placed on turf and the rear one 
on hard macadam road. The mount was then moved so that all three 
legs rested on the road, and 16 shots were fired to settle the mount in 
place. 

Set'ond trial. — ^Two hundred shots were fired in 27 seconds. The ain^ 
was badly deranged, the gun having worked to the left and down; 83 
hits. On account of the heat mdiating from the barrel it was very 
diflicult to accurately lay the gun on the target. For the purpose of 
observing the effect of this heat on the aim, different members of the 
board fired 18 rounds. 

Third trial. — Two hundred rounds were fired. The first shot struck 
low and the elevation gradually increased until about 100 rounds had 
been fired, when the bullets went over the target. The gun was relaid 
on the target, and while firing the remainder the aim similarly changed; 
yy hits; time lost; action of gun good. 

Total number of rounds fired, 1,660. 
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Test 12, 

Omitted for the same reason as was Test 9. 

Tesi IS. 

The gun had not been cleaned or oiled since beginning the progranmie 
of tests and unburned grains of powder and dirt had accumulated in 
the mechanism. The gun was placed on a gravel bed about 250 yards 
from the target and alx)ut 15** to the right of the normal to the target. 

FIRST SERIES. 

One sighting shot; 999 rounds were fired in 3 minutes and 41 seconds; 
action of the gun excellent, no stoppages whatever occurring. The 
elevation graoually increased, and the gxxn was relaid on the target at 
the end of each 250 rounds. During tne tiring of this series it was 
noted that the rate of firing of the gun gradually decreased. Hits, 
999. The horizontal distance between extreme hits was 14 feet 5^ 
inches, and the vertical distance between extreme hits was 14 feet. 
One cartridge case was cracked at the neck. One cartridge wa^ not 
fired, due apparently to the primer being seated too deep in the shell. 
This cartridge was sent to the commanding officer, Frankford Arsenal, 
who informed the board that the primer was properly seated in the 
shell, but that the cartridge had been jammed so as to decrease its 
length. At the completion of this series 4 additional cartridges were 
fired by the heat remaining in the barrel. ' 

SECOND SERIES. 

This series was begun one hour after the firing of the first series 
was commenced. After about 1,200 rounds had been fired, it was 
noted that bullets or parts of the jackets were beginning to strike the 
water, over which the firing was done, at different points between the 
target and about 100 yards from the gun, although the elevation had 
been gradually increased during the firing until the line of sight was 
high above the target. As the number or bullets or jackets striking 
the water rapidly increased thereafter, tiring was stopped at the l,372d 
round, it being evident that the accurac}'^ or the Imrrel was destroyed. 
Time of firing 1,372 rounds, 6 minutes and 50 seconds. The rate of 
fire decreasea markedly toward the end of the firing. 

All parts of the firing and feed mechanisms worked satisfactorily, 
and tiring was not interrupted during the series. At the 1,364th 
round the finger was removed from the trigger and the last 8 car- 
tridges were fired by the heat remaining in the barrel. 

The exterior of the barrel was nearly red hot; the gas-lever handle 
was too hot to be touched, as was also the breech bolt. The heat 
radiating from the barrel seriously interfered with sighting; in fact, 
prevented accurate laying of the gun. 

The gun was then cooled by the application of water to the exterior 
of the barrel; 14 single shots were fired, 10 of which struck the target. 

Two leaky primers and 23 shells with deep indentations in rear of 
the neck were found. A large number of bullets were found in front 
of the target which showed no marks of the lands of the rifling, sev- 
eral bullets were found embedded in the wooden parts of the target 
with their points toward the gun, and a large number struck the 



88 APPENDIX I. 

targets sidewise. A number of jackets containing no lead and a 
large number of fragments of jackets were also found in front of the 
target. 
Total number of rounds fired, 4,692. 

Test U, 

The gun was then completely dismounted and cleaned and all parts 
of the mechanism examined. The front end of the bottom plate was 
bent upward and indented by the gas lever striking it; the bore in 
front of the chamber was deeply eroded, and all of the rifling worn 
out except a faint trace thereof for about 6 inches from the muzzle. 
A standard bullet dropped into the chamber entered the bore freely 
until within 8i inches from the muzzle. The temper of the retmcting 
springs was markedly drawn, so that they closed the mechanism 
slowly, although effectively. The chamber had enlarged at its rear 
end .(X)l, at three-fourths of an inch from its rear end .003, and at its 
front end .001. No other changes occurred. 

Tt9t 15, 

Prior to this test the gun was cleaned and oiled and a new barrels 
rifled with a uniform twist of one turn in 8 inches, and new retracting 
springs were assembled in the gun; 25 cartridges loaded to give a 
powder pressure of 64,480 pounds per square inch were machine- 
loaded into a belt and fired; 23 tired automatically and 2 singly, as the 
lead bullets with which these cartridges were loaded jammed in the 
feed mechanism; 25 cartridges loaded to give a powder pressure of 
34,190 pounds per square inch were machine-loaded into a belt and 
fired automatically in 5 seconds. Action of gun excellent. 

Total number of rounds fired with this barrel 89, and with the gun 
4,793. 

At the completion of this test lead was scraped off the gas plunger 
and the latter oiled. 

Ted 16, 

(a) Two cartridges, cross-filed on head to nearly the thickness of the 
cartridge case, were fired. When the first cartridge was fired th(» 
extractor had to be driven into its seat before the bolt could be opened. 
When both these shots were fired gas escaped through the mechanism 
to the rear, slightly scorching the band of the firer. 

(J) Two cartridges cut to nearly the thickness of the metal at inter- 
vals through the extractor groove were fired. The first shell was not 
ruptured and no gas esc*aped, but the second opened at four points, 
with much escape of gas through the parts of the gun. The extractor 
failed to withdraw the empty snell ana was found to be broken through 
the inner wall of the extractor-pin hole, at which point the uietal is 
very thin. 

{c) A new extractor was inserted and 2 cartridges cut longitudinally 
nearly through the thickness of the l)ody were fired. Both cases 
opened, and a small amount of gas escaped through the gwn. The 
extractor removed both shells. 

Total number of rounds fired with this barrel 95, and with the gun 
4,799. 
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TeM 17, 

The gun was completely dismounted and all parts thoroughly cleaned 
and dried before assembling. The barrel with the 10-inch twist was 
assembled and both ends tightly corked. The gun was exposed 15 
seconds to a blast of fine sand. Surplus sand was removed by blow- 
ing and by wiping with the bare hand; the gas lever was oscillated 
twice and a belt inserted in the feed mechanism; 12 shots were tired, 
but the mechanism was so filled with sand as to prevent full move- 
ment of the slide, which movement was completed after each shot 
by hand with diflSculty. The gim was then dismounted and the parts 
found to be thoroughly filled with sand. 

Second expoinire. — The new barrel rifled with a uniform twist of one 
turn in 8 inches was assembled in the gun and the sand cleaned from 
all parts and exposed to the same blast of sand as the first. The sand 
was wiped and blown off the gun, the muzzle tapped several times on 
the floor, and the gun well shaken while assembling it to the mount; 39 
rounds were fired with much difficulty, it being necessary to complete 
the movement of the slide by hand after each shot. One cartridge 
was stuck in the chamber, and the extractor cut a piece out of its rim. 

Total number of rounds fired with first barrel 4,704; total number 
of rounds fired with the second barrel 39, and with gim 4,743. 

TeM 18. 

The chamber, head space, length of bolt, etc., with a new barrel, 
were measured both before and after this test. Five cartridges loaded 
to give a powder pressure of 65,300 pounds per square inch were then 
fired. The extractor did not remove the first, third, and fourth shells 
from the chamber, and the primers fell out of their seat in all 5 car- 
tridge cases. 

Total number of rounds fired with second barrel 100, and with gun 
4,804. No change occurred in the dimensions of the chamber, but the 
head space of the bolt increased .0035 inch. The gun was then cleaned 
and the parts were thoroughly oiled, and 50 rounds were fired to test 
the action of the mechanism, which worked satisfaetorilv. Total 
number of rounds fired with second barrel 150, and with the gun 4,854. 

Test 13. 

The endurance test was then repeated with the second barrel, it 
having previously been fired 150 rounds during these tests. Range 
600 yards, target 15 by 45 feet. Two sighting shots were fired, and 
then 1,042 continuous rounds were fired automatically in 5 minutes and 
29 seconds; 513 hits. Between 900 and 1,000 rounds the bullets or 
parts of the jackets commenced to drop into the water over which the 
firing was done, showing that the rifling had been worn out. While 
firing, the aim was corrected during the first, second, and third series 
of 250 rounds and was also corrected after each of these series. After 
the 1,042 rounds had been fired 4 cartridges were fired by the heat 
remaining in the barrel. One leaky primer and 3 cases indented at 
the neck were found. Total number of rounds fired with the second 
barrel 1,198, and with the gun 5,902. 

The gun was then dismounted and all parts cleaned and examined. 
The bore in front of the bullet seat was deeply eroded and the rifling 



90 APPENDIX 1. 

completely worn out about one-half the length of the bore. A bullet 
dropped into the chamber entered the bore freely until 15J inches from 
the muzzle. The temper of the retracting springs was markedly drawn. 

Test 19. 

The gun was dismounted, all parts were thoroughly cleaned and dried, 
and after assembling the ends of the barrel were tightly corked and 
the gun immersed in a saturated solution of sal ammoniac for 5 minutes. 
After being exposed to a damp atmosphere for 48 hours the gun was 
very rusty, the gas lever could be operated only with difficulty, the 
hammer was rusted in the handle, and the carrier was so rusted that it 
would not rise until the side of the gun was tapped. Seven rounds 
were fired with great effort, the oscillation of the slide being com- 
pleted by hand after each of these shots with difficulty. The different 
parts of the firing and feed mechanisms were then oiled and 93 rounds 
were fired automatically in 30 seconds. Total time required to fire 100 
rounds, 7 minutes and 5 seconds. 

Total number of rounds fired with second barrel 1,298, and with the 
gun 6,002. 

Ted 20. 

(a) Two men loaded 1,000 cartridges, packed in clips holding five 
each, into four belts by machine in 10 minutes and -16 seconds. One 
man tilled the belts by hand with cartridges loaded in clips at the rate 
of 1,000 rounds in 1 hour 7 minutes and 50 seconds.. 

Fifty cartridges were inserted in a wet belt by 2 men in 2 min- 
utes and 50 seconds and the same number into a drv belt in 2 minutes 
and 25 seconds. 

These tests were made with belts holding 250 rounds. 

(/>) Two belts were machine loaded and soaked in water eighteen 
hours. At the end of this time one belt, while wet, was handled as 
roughly as liable to occur in service and the 100 cartridges fired. The 
feed mechanism worked satisfactorily. The second belt was dried by 
exposure to the air, when a number of cartridges were found to be 
loose in the loops. The belt was handled roughly and the 100 car- 
tridges tired. When shaken, the loose cartridges worked partially out 
of the belt, and these cartridges caught on the walls of the belt open- 
ing in the gun and stopped the feed until pushed fully into the belt 
by hand. 

Total number of rounds fired with this barrel 1,498, and with the 
gun 0,202. 

{(•) Six belts were soaked in water eighteen hours, then loaded and 
tired as follows: 

First belt: Loaded by machine and fired while wet. Action of feed 
satisfactory. 

Second belt: Loaded by hand and fired while wet. Action of mech- 
anism good. 

Third belt: Loaded by machine while wet, then dried by exposure 
to the air and the 100 cartridges fired. After having dried, many 
cartridges were found to be loose in the loops. The belt was shaken, 
but none fell out. The second, fourth, and a number of others cautjfht 
on the walls of the belt opening and stopped the feed. The cartridges 
were pushed well into the belt by hand, but even then the feed mech- 
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anism failed to operate properly. The belt had stretched so that all 
the cartridges apparently were not properly caught by the feed wheel. 
After firing 27 rounds, further efforts to fire from this belt were 
abandoned. 

Fourth belt: Loaded by hand while wet, then dried by exposure to 
the air and firing commenced. Many cartridges were found to be 
loose in their loops and not fully inserted. The fourth cartridge 
caught on the walls of the belt opening and stopped the feed. The 
remaining cartridges were fully and evenly inserted in the belt by 
hand and fired witnout a stoppage. 

Fifth belt: Dried by exposure to the air, then machine loaded, shaken 
slightly, and firing comnlenced. The seventh cartridge caught on the 
walls of the belt opening, as did several in rapid succession. An 
examination of the belt showed that many cartridges had slipped out 
of the belt from one-sixteenth to one-eighth inch. Forty cartridges 
were loaded by machine into the other end of the belt, the belt care- 
fully inserted in the gun, and the caitridges tired without a stoppage; 
85 rounds fired. 

Sixth belt: Dried by exposure to the air, then loaded by hand. 
Before firing was commenced the belt was examined and all cartridges 
fully inserted. The 100 cartridges were tired without a stop. 

Total number of rounds tired with this barrel 2,010, and with the 
gun 6,714. 

TeM 8. 

Repeated to test accuracy of gun mounted on the carriage for this 

A new barrel rifled with one turn in 10 inches and new retracting 
springs were assembled in this gun. 

The carriage was placed on firm turf and the two chests were empty. 

First trial, — The axis of the bore was in the vertical plane contain- 
ing the axis of the trail. Three sighting shots; 250 rounds were fired 
in 1 minute and 53 seconds. During the firing the gun worked high 
and was relaid three times. The shots that struck the target were 
scattered, many having gone over it. 

Second trial, — Fired with axis of bore making an angle of about 15 
degrees with trail. Two sighting shots. After firing 15 rounds with 
3 jams in the feed mechanism, finng was stopped, the gun dismounted, 
and the parts found to be properly assemblea. The failure of the feed 
mechanism was found to be caused by the feed belts having stretched 
and become distorted so that the cartridges were not spaced so as to 
be properly engaged by the feed wheel. The cases of two of the 
cartridges were caught by a cog on the feed wheel and deeply indented. 

The azimuth clamp made a deep indentation in the pintle, and the 
latter could not be locked with this place opposite the clamp. 

Total number of rounds fired with this barrel 270, and with the gun 
8,184. 

TeBi IS. 

Repeated at 250 yards' range to determine life of the new barrel 
inserted in gun before making preceding test; 1,318 rounds were fired 
automatically in 9 minutes. After firing about 1,100 rounds the bul- 
lets or their jackets commenced to strike the water between the gun and 
target. The firing was stopped, as very few shots struck the target. 
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On account of the imperfect condition of the first few loops in each 
belt, which caused a jam in the feed mechanism, the first five cartridges 
were removed from all belts used after the first. The rate of fire 
decreased markedly during the firing of the last 300 rounds. The ffun 
w as relaid on the target at the end of each belt. The gun was dis- 
mounted and the bore of the barrel found deeply erod^, the lands 
of the rifling worn out except near the muzzle, and a standard bullet 
dropped in the bore entered until 11 inches from the muzzle. The 
temper of the retracting springs was drawn. The edge of the ratchet- 
lever pawl was also broken. 

Total number of rounds fired with this barrel 1,588, and with gun 
9,502. 

RESULTS OF PROGRAMME OF TESTS WITH VIOKERS SONS & MAXIM 

SOLID ACTION AUTOMATIC MACHINE GUN. 

Mr. H. C. Sheridan and Mr. James Huber, representatives of Vickers 
Sons & Maxim, were present during the tests of the guns submitted 
by this company. Mr. Sheridan informed the board that, with the 
exception of those parts which it was necessary to change in order to 
adapt this gun to the new army cartridge, the solid action gun was the 
same one previously tested by the Ordnance Departmentof the Army. 

Test 1. 

(a) All parts were completely dismounted and examined by the 
members of the board. 

(b) This gun is composed of 93 components parts, exclusive of the 
front and rear sights. Included in this number are 7 screws, 14 pins, 
8 flat springs, 4 helical springs, and 1 spiral spring. 

(e) The interior diameters of the chamber and the head space were 
measured. 

TeM£, 

One hundred rounds were fired automatically to test the action of 
the ^un. The mechanism was closed with difficulty when the first 
cartridge was inserted in the chamber, and when removed the case 
was found to have been dented; when the second cartridge was inserted 
in the chamber the mechanism vvjis also closed with difliculty, and when 
removed the rim of the cartridge case was found to have been cut and 
the body dented. These cartridges were probably dented by the f ee<l- 
block pawls. The breech mechanism was then oiled, 2 other cartridges 
inserted in the belt, and the 1<X) rounds fired without further diflicult3\ 
Total number of rounds fired, 10(). 

Tests. 

The velocitv at 53 feet from the muzzle was found to be 2,307 feet 
per second, ^otal number of rounds fired, 214. 

Test 4- 

(a) A belt was loaded with 80 ball and 20 dummy cartridges, every 
fifth being a dunimv. The following 15 ball cartridges were then 
removed, viz: The 7th, 16th, 22d, 23d, 34th, 43d, 48th, 54th, 61st, 
67th, 68th, 77th, 78th, 87th, and l>3d. The time required to run the 
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belt through the sun and fire 69 cartridges was 2 minutes and 23 
seconds. Six of the ball cartridges were not fired, due to improper 
manipulation of the gun. When firing was stopped by the presence 
of a aummy in the chamber or b\' a blank space in the feed belt, it was 
necessary to throw the opeititing lev er forward, pull the feed belt so 
as to bring the next cartridge therein opposite the extractor, to release 
the operating lever, and to repeat these operations. 

(h) A belt was loaded with 25 ball cartridges; the bullets of three of 
the cartridges were inserted one-fourth of an inch too far in the case, 
and of three others pulled one-eighth of an inch out of the case, and 
the cartridges fired. The length of the slot for the cartridges in the 
feed block is only slightly greater than that of the standard cartridge, 
and the 3 cartridges with the bullets protruding one-eighth of an inch 
bound in the feed block, but were forced in and fired. 

Total number of rounds fired, 184. 

Tests. 

The removal and reinsertion of these parts were done by the same 
member of the board who made this test with the other guns. The 
time required in each case is that elapsing from the signal to stop tiring 
until finng was resumed. 

(a) The lock was removed and reinserted in 16 seconds. 

(J) The extractor was removed and reinserted in 4 minutes and 2 
seconds. 

(c) The firing pin was removed and reinserted in 3 minutes and 51 
seconds. 

(d) No other parts were removed. 
Total number of rounds tired, 280. 

Ted 0. 

(a) Three cartridges were thoroughly coated with resin, and as they 
could be inserted m the belt only with great diflSculty, they were 
inserted in the feed block b}- hand. These 3 cartridges were satis- 
factorily fired and extracted. 

(b) The design of this gun is such that if the extractor is removed 
or broken it would be impossible for a cartridge to be removed either 
from the feed belt or from the chamber, and therefore no firing was 
attempted. 

Total number of rounds fired, 283. 

Test?, 

The gun was mounted on the tripod and fired on the same wooden 
platform from which this test was made with the other guns. 

(a) The maximum angle of depression obtainable with the mount 
was 27 degrees; 200 rounds were fired in 36 seconds; action of feed 
and of gun excellent, aim not deranged. 

(J) The greatest angle of elevation obtainable with the mount is 17 
degrees and 9 minutes; 200 rounds were fired in 35 seconds; action 
of feed mechanism and of gun excellent; elevation after firing, 17 
degrees. 

(c) As the elevation of the gun could not be varied by means of the 
elevating screw as rapidly as desired, the gun was disconnected from 
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the screw and elevated and depressed by hand between the limits of 
16 degrees elevation and 27 degrees depression; 196 rounds were fired 
in 1 minute and 12 seconds; action of feed mechanism excellent. 
Four cartridges were not fired when the gun was being depressed, 
due to the failure of the counter-recoil spring to fully close the breech 
mechanism and release the safety sear. This mount did not change 
position during the tiring. 

Total number of rounds fired, 1,846. 

Tests, 

Before beginning this test the gun was thoroughly cleaned and oiled; 
5 sighting shots were fired; 200 rounds were fired automatically in 38 
seconds. Time of firing the first 100 was 13 seconds; 200 hits on tar- 
get, the horizontal distance between extreme shots was 5 feet, and the 
vertical 5^ feet. It was estimated that 90 per cent of the hits were 
contained within a space 3 feet square; action of gun excellent. The 
line of sight worked to the right and high. 

Total number of rounds fired, 488. 

Test 9. 

As the design of this gun does not permit its rate of automatic fire 
to be varied, this test was omitted. 

Test 10, 

As the mount is provided with stops for limiting the movement of 
the gun in azimuth, they were clamped so as to limit the oscillation of 
the gun within the angle subtended bv the length of the target. One 
sighting shot; 200 rounds were fire(fwith the gun being constantly 
moved m azimuth in 34 seconds, the first 100 rounds being fired in 11 J^ 
seconds; 164 hits on target; action of gun excellent. 

Total number of rounds fired, 689. 

Test 11, 

First trial. — Seven sighting shots; elevation 970 yards, deviation 0. 
After firing 134 shots it was noticed that the gun was not properly 
clamped fn its mount and the firing was stopped. 

Sec&i\d trial, — Two sighting shots; elevation and deviation the same; 
198 rounds fired, time lost, 68 hits. The line of sight moved upward 
and to the right of the target. Firing was stoppea during the second 
belt by a bullet having been pulled out of the cartridge case in the 
feed block. 

Third trial. — Two sighting shots; elevation and deviation the same. 
After firing the 18th shot the automatic action of the gun failed, due 
to the accumulation of the residue in the gas chamber. The residue 
was removed and the piston and its bearings oiled. 

Fourth trial, — Two hundred rounds were fired in 40 seconds, the 
first 100 being fired in 11^^ seconds; action of the gun excellent; 192 
hits on target. The horizontal distance between extreme shots was 12, 
and the vertical 13 feet. 

Total number of rounds fired, 1,250, 
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Test 12. 

As this gun is designed so that its rate of automatic fire is constant^ 
this test was omitted. 

Teal IS. 

FIRST SERIES OF 1,000 ROUNDS. 

All parts of the gun were thoroughly cleaned and oiled and the water 
jacket filled. The tripod was placed on solid ground. Two sighting 
shots. Firing was stopped at the 9th shot by the breaking of the 
mainspring, which was replaced, and firing resumed. At the 187th 
shot the handle on the operating lever broke off and firing was stopped. 
The trunnion pin clamp failed to properly secure the gun in the mount, 
and in consequence the gun vibrated in the mount and seriously dam- 
aged the' aim. An examination of the empty shells showed 7 pierced 
primers, 1 le^ikv primer, and 5 shells showing signs of rupture about 
three-fourths of an inch in front of the head. 

Total number of rounds fired, 2,035. 

Second trial, — At the first shot automatic action of the gun ceased 
and an examination of the gun showed that in tightening the trunnion 
pin the sides of the casing were pressed in against the action bar and 
prevented the closing of the mechanism. 

Third trl(d, — After firing about 2<)0 rounds one cartridge was not 
fired, which occurred again at the 234th shot, and an examination of 
these two cartridges showed that the primers had not been struck by 
the firing pin. Time of firing 234 rounds, 1 minute and 56 seconds. 
A new lock was inserted and the firing resumed. At the end of the 
4th belt, or the 500th round, the jacket was refilled with water. Time 
required to fill the water jacket, 1 minute. At the 602d round the 
oj>erating lever, which had not been properly fastened to the crank, 
worked loose and firing was stopped. The elevation had not changed, 
but the hits were badly scattered horizontally on the target, due to 
the faiUirc of the azimuth clamps to firmly secure the mount. 

Total number of rounds fired, 2,638. 

Fourth trtah — Before this trial the operating lever was properly 
assembled to the crank, the mechanism was oiled, and the jacket filled 
with water; 972 rounds were fired in 6 minutes; 28 cartridges were 
not fired, as the operating lever had not been pro|x;rly adjusted so as 
to insure the release of the safety sear. This defect was corrected. 
The horizontal distance between extreme shots on the target was 9 and 
the vertical 8 feet. 
.Total number of rounds fired, 3,610. 

SECOND SERIES OF 2.000 ROUNDS. 

The mechanism was oiled and the jacket filled with water, and 1,991 
rounds fired in 25 minutes and 5 seconds. Man}^ of the shots struck 
below the target. The horizontal distance between extreme hits was 
12 and the vertical 6 feet. During this series the water jacket was 
refilled at the end of the 4th, 6th, 10th, and 12th belts, or after firing 
500, 750, 1,250, and 1,.500 rounds. During the firing of the 7th belt 
several primers were not struck by the firing pin. A new lock was 
inserted, which failed to tire several cartridges in succession, and was 
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replaced by the first one. During the firing of the 13th belt the auto- 
matic action constantly failed, it bein^ necessary to close the breech 
mechanism by means of the operating lever; these failures were due to 
the accumulation of residue in the ga^ chamber. The piston and the 
yoke bearings were oiled, after which the gun worked fairly well, it 
being necessary after different shots to close the mechanism by means 
of the operating lever. The primer of one cartridge was found to be 
only slightly dented by the firing pin and was inserted in the gun and 
fired. 

Total number of rounds fired, 6,601. 

As the accumulation of residue in the gas chamber frequently pre- 
vented the springs from closing the Inechanism, this gun was with- 
drawn by Mr. Sheridan, the representative of Vickers Sons & Maxim, 
who stated to the board that the company decided to submit it for test 
at such a late date that sufficient time was not available for the experi- 
mental work necessary for overcoming the interference of the residue 
accumulated in the gas chamber. 

RESULTS OF PROGRAMME OF TESTS WITH VICKERS SONS & MAXIM 
STANDARD PATTERN AUTOMATIC MACHINE GUN. 

Test J. 

(a) The gun was completely dismounted and all component parts 
examined bv the board. 

(h) This gun is composed of 88 component parts, exclusive of the 
front and rear sights. This number includes 4 screws, 9 pins, 4 helical 



springs, and 8 flat springs. 
((•) The interior diameters 



of the chamber and the head space were 
measured. 

Test 2. 

One hundred rounds were automatically fired into a stop butt, and 
the action of the gun was found to be excellent. 
Total number of rounds tired, 100. 

Tests. 

The velocity at 53 feet from the muzzle was found to be 2,267 feet 
per second. 

Total number of rounds fired, 266. 

Test 4. 

{a) Eight}' ball and 20 dummy cartridges were loaded into a belt, 
ever}' 5tn being a dummv, and then the following 15 ball cartridges 
were removed, viz, the 7th, 16th, 22d, 28d, 34th, 43d, 48th, 54th, 61st, 
67th, 68th, 77th, 78th, 87th, and 93d. This belt was then run through 
the gun and 51 of the })all cartridges fired; 14 were not iired, due to 
the failure of the operator to properly manipulate the mechanism. 
When firing was stopped by the presence of a dummy in the chamber, 
or by a blank space in the feed })elt, it was necessarv to throw the 
operating lever forward, pull the feed belt so as to l[)ring the next 
cartridge opposite the extractor, release the operating lever, and to 
repeat these operations. 
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(b) Twenty -five cartridges were loaded into a belt, the bullets of 3 
cartridges were inserted one- fourth of an inch too far in the case, and 
of 3 others withdrawn three-thirt3^-seconds of an inch, and the car 
tridges fired without a hitch. 

Total number of rounds fired, 176. 

Five cartridges with the cases dented as follows were inserted in the 
feed block, one at a time, and fired: One ball cartridge with the case 
slightly flattened, one with the case dented, one with the case flattened 
at the neck, one with the body of the case flattened, one with the case 
dented longitudinally. These cartridges were properly inserted in the 
chamber by the counter-recoil spring and were extracted and ejected 
automatically. 

Total number of rounds tired with this barrel 13,839, and with the 
gun 19,703. 

Tests. 

The parts were removed and replaced by the same member of the 
board who made this test with the other guns. The time recorded in 
each case is that clasping from the signal to stop firing until firing was 
resumed. 

(a) The lock was removed and reinserted and firing resumed in 19 
seconds. 

(b) The extractor was removed and reinserted and firing resumed in 
1 mmute and 12 seconds. 

{cj The firing pin was removed and reinserted and firing resumed in 
3 mmutes and 19 seconds. 

{(I) No other parts were removed. 
Total number of rounds fired, 244. 

Teste. 

(a) Three cartridges were thoroughly coated with resin, and on 
account of the difficulty of inserting them in the belt, were inserted 
in the feed-block by hand. These cartridges were tired and extracted 
satisfactorily. 

Total number of rounds tired, 269. 

Test 7. 

The gun mounted on its tripod was tired from the same platform 
used in the tests of the other guns. 

(a) The maximum angle or depression obtainable with the mount 
was 29 degrees; 200 rounds were fired in 2 minutes and 34 seconds. 
Firing was stopped three times during this series by the failure of the 
parts to recoil tne required distance, and in each case the motion was 
completed by means of the operating lever. Aim not changed. 

(b) The maximum angle of elevation obtainable with the mount was 
18 degrees; 200 rounds were fired in 45 seconds. The feed mechanism 
failed once to present a cartridge in front of the lock. Airii not 
demnged. 

(c) In making this test the gun was disconnected from the elevating 
screw and was elevated and depressed by hand; 200 rounds were fired 
in 37 seconds, the gun being Kept constantly in motion between the 
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j^ieatest depression and elevation obtainable. The angle of variation 
was about 40 degrees; action of feed excellent. Aim not deranged. 
Total number of rounds fired, 1,889. 

Test 8. 

The gun was cleaned and oiled and the jacket filled with water; 4 
sighting shots; 200 rounds were fired in 3*J seconds. For 175 of the 
180 hits the horizontal distiince between extreme shots was 5 feet, and 
the vertical 6 feet. Five shots struck some distance from the other 
175. Nearly all of the hits were near the bottom of the target in a 
space 5 feet horizontally and 3 feet vertically. During the firing the 
line of sight worked up 2 feet on the target. Three leaky pnmei*s 
were found. 

Second trial. — One hundred and ninetv-seven shots were fired, time 
lost, with 187 hits. The horizontal distance between extreme shots 
was (> feet and the vertical 9 feet. The last few shots struck below the 
target. During the firing of this series one cartridge case ruptured 
three-fourths of an inch in front of the head; one shell showed signs 
of rupture 1 inch in front of the head; one shell was split in the neck; 
one primer leaked, and one cartridge was found with a rim 0.069 inch 
thick, which was too great for the extractor to engage. The firing 
was stopped b}^ the ruptured shell and also by the thick-rimmed 
cartridge. Aim not deranged. After firing the 197th round, one 
shot was fired which struck near the first of the series, showing that 
the dispersion on the target was due to the vibration of the gun and 
mount. 

Total number of rounds fired, 671. 

Tei^( 9. 

. As this gun is designed to have but one rate of automatic fire, this 
test was omitted. 

Test 10. 

Four sighting shots. The movement of the gun in azimuth was 
limited within the angle subtended by the target by the clamps on the 
mount; 200 rounds were fired with the aim coust^mtly oscillated in 
azinuith, in 46 seconds, the fir-^t 100 being fired in 12 seconds; 145 hits; 
action of gun good; line of sight worked high; two shells showed 
signs of rupture about one-half inch in front of the head and one primer 
leaked. 

Total number of rounds fired, 875. 

Test 11. 

Seven sighting shots; elevation 900 yards, deviation 0; 200 rounds 
were fired, time lost, with 61 hits, nearly all of the bullets striking 
below the tjirget. After firing 100 rounas the firing was stopped to 
resight the ^un. 

Seamd trtdL — Seven sighting shots; elevation 970 j^ards, deviation 
2^ points to the left; 20(» rounds were fired, time lost, 159 hits. The 
line of sight moved 9 feet to the right and 6 feet high on target, the 
trail of the mount having moved to the left. Action of gun good. 

Total number of rounds fired, 1,289. 
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Te»t 12. 

As this gun is designed to have hut one rate of automatic fire, this 
test was omitted. 

Test 13. 

This test was made at a i*ange of ahout 250 yards, the gun l)eing 
placed on solid ground about 15 degrees to the right of the normal to 
the target. 

FIRST SERIES. 

The gun was cleaned and oiled and the jacket filled with water. 
Two sighting shots were fired. After firing 587 rounds in 2 minutes 
and 4 seconds the link pin broke and was replaced. Al)out 90 per 
cent of the shots fired struck the target and the horizontal distance 
between extreme hits was 8 feet and the vertical 14 feet; for a majority 
of the shots the horizontal distance between exti:eme hits was 4 feet; 
the remainder of the shots struck below the target. 

Total number of rounds fired, 2,478. 

Second triaL — The gun was oiled and the jacket filled with water; 
1,000 rounds were fired in 3 minutes and 2 seconds. The great majority 
of the shots struck the target. The horizontal distance between 
extreme hits was 7 feet and the vertical 12 feet; a number of shots 
struck below the target. At the end of the firing the feed and firing 
mechanism were too hot to be handled. 

Total number of rounds fired, 3,478. 

SECOND SERIES. 

This test was commenced one hour after the preceding series of 
1,000 was finished. The mechanism was thoroughly oiled and the 
jacket filled with water; 2,000 rounds were fired in 11 minutes and 42 
seconds. The water jacket was refilled at the end of the 4th, 8th, and 
12th belts, or after firing 500, 1,000, and 1,500 rounds. 

During the firing of the 13th belt the automatic action of the gun 
stopped a number of times, due to the energ}^ of the recoiling parts 
being too small to fully open the mechanism against the tension of 
the counter- recoil spring, which wjis decreased, and thereafter the 
action of the gun was satisfactory. The majority of these shots struck 
the target and the horizontal distance between extreme hits was 8 feet 
and the vertical 6 feet, the remainder of the shots striking below the 
target. 

Total number of rounds fired, 5,478. 

THIRD SERIES. 

The mechanism was oiled and the jacket filled with water. This 
series was commenced 2 hours and 2() minutes after beginning the 
series of 2,000 rounds; 3,000 rounds were fired in 22 minutes and 45 
seconds. The jacket was refilled after firing 1,0(X), 1,025, and 2,250 
rounds. Two cartridges which failed to fire in the 8th and 9th belts 
were afterwards inserted in the gun and fired. The action of the gun 
was excellent until the latter part of the 10th belt, when several fail- 
ures to fire oc^curred and a new lock was inserted. While firing the 
18th belt the link pin broke and was replaced, which stopped the firing 
4 minutes and 6 seconds. During the firing of the 18th belt the 
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mechanism frequently failed to recoil the required distance and in 
each case was completed by means of the operating lever. At the 
end of the 18th belt the tension of the counter-recoil spring was again 
decreased. During the firing of alx)ut the first 40 cartridges from the 
19th belt the counter recoil of the parts had to be completed by 
means of the operating lever. The recoiling parts were then thoroufirhly 
oiled, after which the action of the mechanism was satisfactory. The 
time of firing the last belt was 23 seconds, showing that the rate of 
fire had decreased from 600 to 326 rounds per minute. The horizontal 
distance between extreme shots on the target was 4 feet and the verti- 
cal 5 feet. At the end of this series a cartridge was inserted in the 
chamber, but the remaining heat was not sufficient to fire it. 
Total number of rounds fired, 8,478. 

Special tent for accuracy. 

After firing the series of 1,000, 2,000, and 3,000 rounds of Test 13, 
the gun was dismounted and the barrel found to be deeply eroded in 
the bullet seat and the rifling badly worn throughout the bore, no 
trace of rifling l)eing visible for about one-fourth of its length. In 
order to test the accuracv of the barrel in this condition it was decided 
to fire 100 rounds very slowh^ at 500 yards' range, the tripod being 
placed on a solid floor. The jai'.ket was filled with water and the 
mechanism thoroughly cleaned and oiled. Five sighting shots were 
fired; 15 single shots were fired, all of which struck the target; 85 
shots were then fired automatical! v, all of which struck the target. 
During the firing of these 85 rounds the recoil was not completed six 
times; 250 rounds were then fired automatically, the recoil not being 
completed 7 times. Of the 355 shots fired in this test 305 struck 
the target. 

Total number of rounds fired, 8,833. 

As a result of this special test it was decided to continue the firing 
of the 4th or continuous firing series of Test 13. The gun was oiled 
and the jacket filled with water; 2 sighting shots; 3,620 rounds were 
fired in 40 minutes and 15 seconds; horizontal distance between 
extreme hits was 15 feet and the vertical 11 feet. During the firing 
of the first l)elt the mechanism was closed b}' means of the operating 
lever twice. The action of the gun was good during the firing of the 
2(1, 3d, 4tli, 5th, and 6th l)elt8. During the firing or the 4th belt one 
bullet, or the jacket stripped therefrom, struck the water midway 
b(»tween gun and target. Near the end of the 6th belt the plug in the 
water jacket was blown out by escaping steam. During the firing of 
the 7th belt the operation of tlie mechanism was twice completed by 
means of the operating lever, and at the end of this belt, or after the 
875th shot, the water jacket was refilled and the gun oiled. The 8th 
and 9th belt^ were fired without a hitch. During the firing of the 
10th belt the plug in the water jacket was blown out by escaping steam 
and firing was stopped by the l)ari*el, which had been expanded by the 
heat generated, bmding in its rear bearing. The Imrrel was cooled 
until sufficiently contracted to relieve the binding, after which it was 
oiled. When Aring was thus stopped 1,185 rounds had lie^n tired in 
11.V minuter. During the firing of the 8th, 9th, and 10th belt:) several 
bullets, or part^ of the jackets thereof, struck the water between the 
gun and the target. After tiring the 65 rounds left in the 10th belt 
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the jacket was refilled with water and the gun oiled. During the fir- 
ing of these 66 rounds the motion of the moving parts was completed 
by means of the operating lever 8 times, and a oullet, or part of the 
jacket thereof, struck the water between the gun and target. The 
mechanism of the gim operated properly during the firing of the 11th, 
12th, and 18th belts. During the firing of the 12th belt one bullet, or 
part of the jacket thereof, struck the water between the gun and tar- 
get, and during the 12th belt the plug in the water jacket was blown 
out by escaping steam. During the firing of the 14:th belt the motion 
of the recoiling parts was completed by means of the operating lever 
times, and after two cartridges were not struck by the firing pin the 
lock was replaced by a new one. At the end of the 14th belt the jacket 
was refilled with water and the mechanism oiled. During the firing 
of the 15th belt the motion of the recoiling parts was completed by 
means of the opemtin^ lever 18 times, and during the 16th belt 12 
times. During the firmg of the 16th bolt 2 cartridges were not fired 
and the lock was again changed. The motion of the recoiling parts 
was completed by means of the operating lever 3 times in the 17th, 
5 times in the 18th, and twice in the 20th belt. The plug in the water 
jacket was blown out by escaping .steam during the 17th belt, and upon 
its completion the jacket was refilled and the gun oiled. During the 
firing of the 14th, 15th, 16th, ITth, 18th, 19th, and 20th belts 24 bul- 
lets, or parts of the jackets thereof, struck the water between the gun 
and target, one of which fell about 10 feet from the muzzle. During 
the firing of the 21st belt the operating lever was maneuvered by hand 
21 times, and at its completion the jacket was filled with water and the 
mechanism oiled. During the firing of the 22d belt the operating 
lever was maneuvered 10 times, and of the 24th l)elt 21 times. The 
plug was blown out of the water jacket, and steam escaped during the 
firing of the 23d belt. The first 24 belts, or 3,000 rounds, were fired 
in 35 minutes, when the jacket was refilled with water, the gun oiled, 
and the tension of the counter- recoil spring reduced. During the fir- 
ing of the 21st, 22d, 23d, and 24th bolts 19 bullets, or parts of the 
jackets thereof, struck the water between the gun and target. The 
motion of the recoil parts was completed by means of the opemting 
lever 5 times during the 25th belt, 3 times during the 26th, 9 times 
during the 27th, 6 times during the 28th, and 6 times during the 29th 
belt. During the firing of the last 5 belts 6 bullets, or parts of the 
jackets thereof, struck the water tetween the gun and target. During 
the firing of these 3,620 roimds the water jacket was refilled and the 
gun oiled 6 times. 

Total number of rounds fired, 12,455. 

The barrel was replaced by a new one, the jacket filled with water, 
the gun oiled, and the headspace decreased 0.003 inch by a washer. Two 
sighting shots; 5,864 rounds were fired in 45 minutes and 20 seconds. 
The water jacket was refilled and the mechanism oiled, after the 7th, 
10th, 13th, 17th, 20th, 24th, 28th, 31st, 34th, 38th, 41st, and 44th belts, 
or after firing 875, 1,250, 1,625, 2,125, 2,500, 3,000, 3,500, 3,875, 4,260, 
4,750, 5,125, and 5,500 rounds. After firing 310 rounds in 55 seconds 
the counter-recoil spring broke and a new one was inserted. While 
firing the 6th belt tne feed mechanism jammed. The first 7 belts, or 
875 rounds, were fired in 7 minutes and 50 seconds. While firing the 
9th belt 2 shots struck the water at a considerable distance from the 
line of fire, as also did 3 while firing the 10th belt. While firing the 
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12th !)elt one bullet struck the water about niidwa}" between the gun 
and target. While firing the succeeding belts it wiis noted that eiuier 
a nunil>er of bullets, or parts of the jackets thereof, struck the water 
at different points from a short distance from the muzzle to the target. 
After firing the l7th belt residue was scraped from the muzzle and 
the front bearing of the barrel was again oiled. After firing the 28th 
belt the muzzle nearing of the barrel was again oiled. While firing 
the 29th belt the feed-pawl spring broke and a new feed block was 
inserted. The first 34 belts were fii'ed in 34 minutes. While firing 
the 4lst belt one cartridge jammed in the feed mechanism and stopped 
the firing, and at another time the mechanism had to be closed by 
nieans of the operating lever. While removing the cartridge jammed 
in the feed mechanism it was dropped into the casing, and the gun 
had to be removed from the mount in order to get the cartridge out of 
the mechanism. During the firing of this belt the gib spring broke 
and had to be replaced. While this was being done considerable water 
nin into the cjtsingfrom the jacket. The horizontal distance between 
extreme hits on the target was 10 feet and the vertical 15 feet. 

Total number of rounds fired with this barrel, 5,864, and with the 
gun, 18,319. 

Test U. 

The gun was then dismounted and the parts cleaned and examined. 
The lifting lever was found to be badly worn, the first barrel used in 
the test of this gun was badly eroded, and the rifling markedly worn 
away. A bullet dropped into the bore entered 3 inches be3^ond the 
!)ullet seat. The chamber of this barrel enlarged 0.()04 of an inch in 
diameter at its rear one, O.OOl of an inch in diameter three-fourths of 
an inch from the rear end, 0.002 of an inch in diameter in the rciir of 
tho neck, and 0.003 of an inch in diameter at the neck. The headspace 
was not changed. 

Test 15, 

Twenty -five cartridges loaded to give a powder pressure of 34,190 
pounds per square inch wert, loaded into a belt and fired automatically; 
motion of the recoiling parts had to be completed l)y means of tfie 
operating lever for the first 7 shots, when the tension of the counter- 
recoil spring was reduced 2 pounds; the remaining IS shots were then 
fired without a hitch. 

Twenty-five cartridges loaded to give a ^wwder pressure of 04,480 
p>unds per s(juare inch were loaded into a l)elt and fired without a 
hitch; the rate of firing was, however, noticeably higher. Total num- 
ber of rounds fired with first barrel, 12,505, and with the gun, 18,369. 

Te9t 16. 

(a) Two cartridges cross-filed on head to nearly the thickness of the 
metal were fired with marked escape of gas into the mechanism; no 
ymrtH were injured. 

(A) Two cartridges cut at intervals through the extractor groove 
nearly into the powder space were fired with a noticeable escape of 
gas into the mechanism; no i>arts were injured. 

(c) Two cartridges cut longitudinally nearly through the l>ody of 



TEST OF AUTOMATIC MACHINE GUNS. 103 

the shell were fired with small escape of ^as into the mechanism; no 
parts were injured. 

Total number of rounds fired with first barrel, 12,511, and with the 
gun, 18,376. 

TeH17. 

The gun was dismounted, all parts thoroughly cleaned and dried 
before assembling, the mechanism closed, and both ends of the barrel 
corked. The gun was subjected to a blast of sand for 13 seconds, then 
removed and tne surplus sand blown and wiped off with the bare iiand, 
and 100 rounds fired in 4 minutes and 11 seconds. The parts of the 
firing mechanism of this gun are so thoroughly inclosed that only a 
small amount of sand reached the working parts; this, however, was 
sufficient to prevent the lock from being fully opened and closed by 
the energy or recoil of the moving parts and it was necessary to com- 
plete the movement by means of the opei'ating lever after each shot. 
One leaky primer was found. 

Total number of rounds fired from this barrel, 12,611, and from the 
gun, 18,475. 

TcKt 18. 

Five cartridges loaded to give a powder pressure of 75,630 pounds 
per square inch were fired, the mechanism opemting satisfactorilj-. 

Total number of rounds fired from this barrel, 12,016, and from the 
gun, 18,480. 

Tne gun was then dismounted and the mechanism examined, which 
was found to be practically in as good condition as when the programme 
of tests was begun. The interior diameter of the rear end of the 
chamber had increased 0.001 of an inch, and just in rear of the neck 
0.002 of an inch. The headspace increased 0.001 of an inch. 

Supplemental test. 

The gun was dismounted and all parts thoroughly cleaned and well 
oiled and 125 rounds fired in 15 seconds for the purpose of testing the 
action of ihe mechanism of the gun at this period of the tests. 

Total number of rounds fired from this barrel, 12,741, and from 
the gun, 18,605. 

Test 19. 

The gun was dismounted, all parts thoroughly cleaned and dried, 
and after assembling, the ends of the barrel were tightly corked and 
the gun immersed in a saturated solution of sal ammoniac for 5 
minutes. It was then exposed in a damp atmospheie for 48 hours, at 
the end of which time all parts were badly rusted. The catch on 
the lid could not be opened with the hand, the extractor was rusted 
to the lock, and the mechanism could not be opened and closed with 
the operating lever without the use of a hammer. The lock was 
opened and closed several times in order to relieve its binding. A 
belt of 100 cartridges was then inserted in the gun and the first 4 
shots fired by operating the parts b>^ means of the operating lever, the 
energy of recoil not being sufticient to operate the gun automatical l3\ 
The working parts were then thoroughly oiled ana 95 rounds fired, 
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the mechanism being closed after the first of these rounds with the 
hand, after which the gun worked satisfactorily, except that 1 car- 
tridge was not struck by the firing pin. Total time of firing-99 rounds, 
3 nimutes and 50 seconds. 

Total number of rounds fired with this barrel, 12,840, and with the 
gun, 18,704. 

Test SO. 

{a) Eight belts were loaded by 2 men using the belt-loading machine, 
the cartridges !)ein^ packed in clips of 5 each, in 15 minutes and 20 
seconds. During this test the feed-pawl spring broke and was replaced. 
One man loaded the belts by hand, the cartridges being packed m clips 
of 5 eat^h, at the rate of 1,000 rounds in 1 hour 30 minutes and 40 
seconds. 

Two men loaded 250 rounds into 2 wet belts by machine in 4 min- 
utes and 32 seconds. One man loaded 125 rounds into a wet belt by 
hand in 21 minutes and 35 seconds. Another man similarly loaded a 
wet Ijelt in 22 minutes and 15 seconds. 

Each belt used in these tests held 125 cartridges. 

{h) Two belts were loaded by machine, then soaked in water 23 
hours. At the end of this time one ))elt was handled as roughly as is 
liable to occur in service and the 125 cartridges fired. Three of the 
cartridges, when the belt was roughly handled, worked slightly out of 
the Ix^lt. As the length of the opening in the feed box is only slightly 
longer than a cartridge, the pull exerted on the belt by the feeder 
must be sufficiently^ great to enable the rounded edges of the belt 
opening to complete the insertion of the cartridge in the belt before 
the latter can be moved forwai-d and bring the next cartridge in posi- 
tion to insure its engagement by the extractor. As the energy of the 
moving parts was not sufficiently great to operate the feed mechanism 
in the case of these 3 projecting cartridges, it was augmented in each 
case b}- means of the operating lever. 

The other belt was hung up until dry, then roughly handled, and 
the 125 rounds fired in 2 nnnutes and 35 seconds. There were 4 
failures of the feed mechanism due to the same cause described with 
the foregoing belt. In forcing the feed mechanism with the operating 
lever, 1 cartridge shell was badly deformed by the belt feeders. 

((') Six belts were soaked 23 horn's in water, then loadedand fired &s 
follows: 

First l>elt: Loaded b}' machine and the 125 cartridges fired, while 
belt was wet, in 14 seconds. The feed mec^hanism worked well. 

Second l>elt: Ix)aded by hand and 1 19 of the 125 cartridges fired while 
the belt was wet. Owing to the great difficulty of inserting every 
cartridge fully into a wet i>elt, some projected farther than others and 
necessitated the use of the operating lever as described under the first 
belt of test {h). While using the operating lever 5 cartridges were 
fed through the gun without r)eing fired. In one case the feed-block 
piiwl caught 2 instead of 1 cartridge and necessitated the removal 
of one of the cartridges before the jammed cartridge could l>e removed. 

Third belt: Loaded by machine while wet, then dried by exposure 
to the air. The 125 cartridges were fired in 13^ seconds. Action of 
feed excellent. During the firing of this belt water leaked through 
the rear beanng of thel>arrel into the mechanism. 

Fourth belt: Loaded by hand while wet, then dried l)}- exposure to 
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the air. The 125 cartridges were fired in 14^ seconds. With the 
exception of one cartridge jamming in the feed m«»chanism the opera- 
tion of the latter was satisfactory. 

Fifth belt: Dried by exposure to the air, then loaded by machine. 
The 125 cartridges were fired in 14 seconds. Action of feed mechan- 
ism good. 

Sixth belt: Dried by exposure to the air, then loaded by hand. The 
125 cartridges were fired in 14 seconds. Action of fe^d mechanism 
good. 

Total number of rounds with this barrel 13,834, and with the gun 
19,698. 

TeM8. 

Repeated to test accuracy of gun on light tripod. 

The gun was thoroughly cleaned and oiled, the jacket filled, and a 
new barrel rifled with a left-hand twist of one turn in 10 inches assem- 
bled in the gun. The counter-recoil-spring case was provided with an 
indicator showing the tension of the spring which was set at 7 pounds. 

The tripod was placed on firm turf. Two sighting shots were tired; 
248 rounds were fired in 4 minutes and 22 seconds, during which two 
stops were made to relay the gun on the target. This tripod is so 
light that the front legs were raised off the ground each shot and the 
l>earing of the top carriage on the pintle so loose that the gun vibmted 
markedly on the mount. The tension of the counter-recoil spring 
decreased 2 pounds, the tension screw being rotated by the vibration. 

Total numl>er of rounds tired with this barrel, 250, and with the gun, 
20,503. 

Teiil IS. 

Repeated at a range of 250 yards to determine the number of rounds 
that can be tired with an empty water jacket. 

. The gun was thoroughly oiled, jacket emptied, and counter-recoil 
spring set at 8 pounds. One sighting shot; 547 rounds were tired in 
6 minutes, when tiring was stopped b}^ failure of recoiling parts to 
move the required distance to the rear. The feed mechanism failed to 
opei'ate once during the tirst belt and 15 seconds were consumed iu 
removing the jam; 18, 25, 17, and 19 seconds were consumed in insert- 
ing the second, third, fourth, and tifth belts, respectively, and the gun 
was relaid on the target at the end of each belt. 

After tiring 543 rounds the recoiling parts failed to move rearward 
sutiScient to reload the gun; 4 more rounds were tired by hand to ascer- 
tain the cause, which was found to be due to the barrel having been 
badly bent and a large hole formed in its under side. After about 450 
rounds were tired most of the bullets or their jai^^kets struck between the 
gun and target. The gun was then examined and the muzzle attachment 
and disk on the nmzzle of the barrel were deeply coated with lead. 
The bore of the ])arrcl was markedly enlarged throughout its length, 
the lands of the rifling wore out, and the barrel deeply eroded at dif- 
ferent points. At 11 inches from the rear end the barrel was swollen 
and an elliptical hole with a major axis of 1 inch and minor axis of tive- 
eighths of an inch formed in its under side. The barrel did not bind 
in either of its bearings. 

Total number of rounds tired with this bfirrel, 797, and with the gun, 
.21,050. 
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Part II. 

RESULTH OF PROGRAMME OF TESTS OF MOUNTS, PACK OUTFITS, AND CAHRIA6BB. 

The following material was submitted to the board for test, viz: 
With Colt gun: Tripod mount; carriage; aparejo with frame and 
hangers for packing tripod, gun, loading macihme, and ammunition. 

With Vickers Sons & Maxim gun: Combined tripod and carriage; 
galloping carriage for sleigh mount; sleigh mount and three pack sad- 
dles, one carrying the gun, sleigh mount, and three ammunition boxes, 
and each of the other two one anmiunition chest. 

Test 1, 

A detailed examination of the packs, mounts, and carriages was 
made by the board and the principal features of each found to be as 
follows, v-iz: 

A description of the tripod and carriage for the Colt gun is included 
in that of tne gun. 

The pack outfit for the Colt gun consists of an aparejo, on which is 
placed a metal frame (see PI. 14) the otf side of which is provided 
with two hooks, to which the hanger carrying the tripod is hung, and 
the nigh side provided with two hooks from which is. suspended the 
hanger carrying the gun and loading machine. The top of the frame 
is shaped to receive the gun, tripod, or four ammunition boxas. The 
frame is secured on the aparejo and to the mule by a belly cincha. 
A cargo cincha secures the load to the boot of the aparejo. 

A description of the combined carriage and tripod, sleigh mount, and 
galloping carriage for the Vickers gun is included in that of the gun. 

One of the three pack saddles is arranged to carry the gun on one 
^ide, three boxes of amnmnition (750 rounds) on the other, and the 
sleigh mount on top of the frame. The other two saddles are arranged 
to carrv on top of the frame a steel ammunition chest, the same as on 
the galloping carriage, each chest containing seven ammunition boxes, 
or 1,750 rounds. The fiist pack saddle (see PI. 15) consists of two 
metal side bars, to which is riveted a metallic frame shaped to receive 
the sleigh mount. The ends of each side bar are inserted in pockets 
near the top of a hair pad, the outer covering of which is leather and 
the under flannel cloth. Longitudinal seams divide each pad into one 
large compartment under the side bars, and four smaller compartments 
below the former. A corrugated sheet-metal strip is attached to each 
pad, about 6 inches below the side l)ar, upon which the lower part of 
the hanger bears. On each side of the metjillic frame are two hooks 
on whicT) a hanger is hooked. Three squares are fastened by clips to 
the lower edge of each side bar to which the three cinchas are attached 
by their respective straps. These straps are provided with buckles. 
A bieast strap and a breeching with crupper are attached to rings 
])rovided on the pad and frame. The other two saddles are the same 
as the first except that the metallic frame is shaped to receive a steel 
ammunition chest. A felt pad is provided for insertion between the 
mule's back and the saddle pad. 

It being evident during the preliminary drills that the method of 
securing the three cinchas to the saddle by means of straps with 
buckles was impracticable, the saddle on wliich the gun ana sleigh 
mount were pacKed during the test was modified as follows, viz: 

First. The three cinchas and their straps were disc*arded. The upper 
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ends of two link straps were attached to the outer squares on each side 
bar, and their lower ends to a 3-inch ring. These two rings on each 
side were connected horizontally by a third strap. The saddle was 
secured to the mule by two cavalry cinchas, one attached to the two 
front and the other to the two rear 3-inch rings. The lower ends of 
the side hangers were held down by a third cincha. 

Second. Tne crupper strap was attached to the rear crosspiece of 
the metallic frame, consccjuently a^s the pack rocked an unnecessary 
strain was brought on the mule's tail. This was obviated by shorten- 
ing and then attaching the crupper strap to an evener stmp, the ends 
of which were fastened to the rear up|ier D rings on the saddle pads. 

Third. The straps for securing the sleigh mount to the frame were 
discarded and small ropes with rings used instead. 

Test 2. 

A detachment was formed for each outfit and drilled in the firing, 
packing, etc., of each of the guns and their pack outfits. 

Tests. 

Being on the march, the pack train was halted, the Colt gun, tripod, 
and 500 rounds of ammunition were unpacked, the gun set up, and 
firing commenced in 1 minute and 8 seconds. The Vickers gun, sleigh 
mount, and 500 rounds of ammunition were unpacked, the gun mount 
set up, and firing commenced in 2 minutes. 

Test 4. 

The Colt gun, tripod, and two ammunition boxes were dismounted 
and packed on the aparejo in H minutes. The Vickers gun, sleigh 
mount, and two ammunition boxes were dismounted and packed on tne 
Vickers saddle in 2 minutes. 

Test 5. 

The Colt gun, tripod, and two ammunition boxes were unpacked, 
carried forward 300 yards on the run by three men, set up, and firing 
commenced in 31 minutes. 

The Vickers gun, sleigh mount, and two ammunition boxes were 
unpacked, the gun placed on the mount and carried over the same 
ground by two men, and two ammunition boxes by a third man, set 
up, and firing commenced in 4f minutes. 

The Vickers combined carriage and tripod was unpacked from an 
aparejo in 2 minutes; the carriage assembled and the gun mounted 
thereon in 2i minutes; run forward over the same ground by two 
men, the third carrying two ammunition boxes, and firing commenced 
in 2i minutes. This was an improvised pack and the time of unpack- 
ing, 2 minutes, was greater than would be the case with a regular 
pack for this carriage. 

The ground over which this test was made was rough, rocky, and 
cut by two gullies. 

Test 6, 

• 

Two artillery horses were hitched to the Vickers Sons & Maxim 
galloping carriage, on which were placed the sleigh mount and gun, 
and the cEurriage driven over smooth roads and rough ground. As 
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this preliminary test showed conclusively that this form of mount k 
not suitable for field service, further tests with it were not deemed 
necessary. This carriage, with its two ammunition chests, exclusive 
of mount, gun, and ammunition, weighs 765 pounds. 

The tests made with the Colt carriage showed that it is too light for 
accurate firing and also that it is not suitable for field service. * 

Tests made with the Vickers combined carriage and tripod showed 
that this form of mount is not suitable for field service, but that it 
possesses several advantages for lise around seacoast defenses. 

Test 7 (9-mile march). 

All marching tests were made at the gait prescribed for cavalry. 

Vici'ers gun pack, — On one side of a Vickers saddle, altered as 
described under Test 1, the Vickers gun with its jacket filled with 
water and on the other side three amnmnition boxes (750 rounds) 
were packed; the sleigh mount was packed on top of the metallic 
frame. 

Colt gun pack, — On one side of the frame, placed on an aparejo, 
the Colt gun and loading machine were packed. The tripod was 
packed on the other side and four ammunition boxes (1,000 rounds) 
were packed on the top of the frame. 

A galvanized iron tank, tilled with about 12 gallons of water, was 
packed on a second Vickers saddle, which was not altered. 

One of the steel ammunition chests, on the galloping crarriage con- 
taining seven ammunition boxes (1,750 rounds), was packed on an 
aparejo. 

A march of 9 miles was made at a walk with these four packs, with 
two halts. During the second halt )x)th guns and their mounts were 
unpacked, the Vickers gun fired 125 and the Colt 250 rounds. The 
tripod used with the Colt gun this day was one sent from Kock Island 
Arsenal with the aparejo frame and its long leg was removable. Con- 
siderable difficulty was experienced in removing and reinserting this 
leg. The edges of the gun seat in the top mount wei*e deformed. 
Three jams occurred in the feed mechanism of the Colt gun during the 
firing. The Colt gun pjick rocked backward and forward during the 
march, due to the peculiar gait of the mule. At the end of the march 
all the mules were in good condition. 

Throughout all the nuirching tests the Vickers gun pack was carried 
by the same mule. 

Ti'M 8 (lo-mile march.) 

VlekevH gun park. — The same as in Test 7. 

Colt gun jxick, — The same as in Test 7, except that a different mule 
was used. 

A steel ammunition chest belonging to the galloping carriage and 
in which seven amnnmition l)oxes (1,750 rounds) were placed waij5 
pai'ked on a Vickers saddle altered as described in Test 1. The other 
two packs used in Test 7 were not used this day. 

A march of 15 miles, 4 of which were at a trot, was made with these 
three |)acks in 8 hours and 7 minutes, including halts. After march- 
ing 18 minutes it was necessjirv to halt and readjust the Vickers saddle 
carrying the anununition chest. At the end of the march the mules 
were in good condition, with the exception of the one carrying the 
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Vickers gun, which was slightly galled by the front cincha rubbing on 
the forearm. This defect was remedied by hobbling the two cinchas 
together at the rings. The same mule continued to carry this pack 
during the remaining tests, and the sore healed quickly. The clips by 
which the squares were attached to the ends of the metallic frame of 
the Vickers saddle on which the ammunition chest was packed and to 
the squares of which the cinchas were attached, proved too weak, 
three of which broke on this march. 

Tests, 

First march. — This march was made with the same packs used in 
Test 7. The only change made was that all cinchas were removed from 
the Vickers saddle on which the water tank was packed and the saddle 
and tank held on by one canvas belly cincha 11 inches wide. 

After marching one hour the water tank and ammunition packs 
required readjustment. Twenty miles were marched in 4 hours and 
54 minutes, including three halts; 8 of the 20 miles were made at a 
trot. At one of the halts both guns were impacked, the Colt gun 
fired 250 and the Vickers 125 rounds. At the end of the march the 
mules were in good condition, except that the back of the mule car- 
rying the Colt gun on the aparejo was slightly galled on both sides on 
places previously imured. 

Second march, — The Vickers gun pack and Colt gun pack only 
were used on this march. The mule on which the Colt gun was 
packed on the previous day was lame and a new one was used. 

A march of 22 miles, 10 of which were at a trot, was made in 4 hours 
and 4 minutes, exclusive of halts. After marching 35 minutes the train 
was halted, both guns unpacked, and the Colt gun fired 250 and the Vick- 
ers 125 rounds, at an estimated range of 1,000 3^ards, for the purpose of 
determining the feasibility of picking up the point of impact by the 
dust raised by several shots fired automatically. The point of impact, 
when using the Vickers gun, was discovered. The rifling in the barrel 
of the Colt gun was so badly worn out that the point of imimct could 
not be found with it. Both guns were fired at a hillside covered with 
tall grass. Neither of the packs were adjusted during this march. A 
lug on the tripod hanger of the Colt gun was found to be bent and 
was straightened. This piece is structurally weak. At the end of the 
march both mules were in good condition. 

Third inarch. — The Vickers and Colt gun packs and the Vickers 
Sons & Maxim combined carriage and tripod packed on an aparejo were 
used on this march. 

A march of 22 miles was made, of which seven were at a trot and 
one at a gallop. During this march tests 3, 4, and 5 were made. Part 
of this march wa^ made over rough hills and down a rather precipitous 
and rocky slope. At the end of this march the mules were in good 
condition. 

Test 10. 

During the drills and marches the following points were determined 
for the pack system recommended for adoption by the board, viz: — 

{a) A pack outfit for one automatic machine gun, tripod, the proper 
amountof ammunition, loading machine, spare parts, accessories, tools, 
water, etc., requires at least five mules. 
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(/>) The five mules should be loaded as follows, viz: One mule should 
C5arry the gun, with water jacket tilled, on one side; the tripod on the 
other side; 3 ammunition boxes or 750 cartridges on top of the frame, 
and an extra lock, feed block, and counter recoil spring, so placed as 
to balance the pack. A second mule should carry the loading machine 
and 7 ammunition boxes, holding 1,750 cartridges in two hangers, one 
attached to each side of the saddle. Each of the other mules should 
carr}^ 6 ammunition boxes, holding 1,500 cartridges, and two water 
boxes, each holding 11 pints. Three ammunition and one water box 
should be carried in a hanger on each side of the saddle. The neces- 
sary number of spare barrels, locks, and other parts, tools and acces- 
sories should be distributed among the last three packs. 

It is estimated that the total loaa carried by the hrst mule will, under 
this arrangement, be about 300 pounds, and by each of the other four 
about 280 pounds, the dead loaa in each case being about 74 pounds. 

(c) The minimum number of enlisted men, of which a detachment 
for one gun, tripod and pack outtit should be composed, is six — five 
privates and one noncommissioned officer. 

(d) Not less than 7,000 cartridges should and can be carried with each 
gun and five pack mules. 

(e) The 7,000 rounds of ammunition carried with each gun should be 
loaded into belts, each holding 250 cartridges, and each belt should be 
carried in a wooden anununition box of the same design as that fur- 
nished with the Vickers Sons & Maxim outfit. Ammunition should 
be issued to each gun detachment in the same form as that in which it 
is packed for issue to the arm of the service to which the gun is 
attached, and each detachment should, at all times, keep 7,0iX) rounds 
loaded in the belts. 

{/) The Vickers Sons & Maxim automatic machine gun should 
always be packed and carried with its water-jacket filled. It requires 
12 pints of water to fill the jacket. Starting with the gun cool and 
with the jacket filled, about 750 rounds can be automatically fired 
before it is necessar\' to replenish the water in the jacket. Thereafter 
it will generally be necessaiy to insert about 6 pints of water in the 
jacket at the end of every 500 rounds fired continuousl3\ Each of the 
3 mules carrying 1,500 cartridges or 6 ammunition boxes should, there- 
fore, also carry 2 boxes of water, each holding alK>ut 11 pints. The 
water boxes should be of the same exterior dimensions as the ammuni- 
tion boxes, be lined with copper, and provided with a large-sized screw 
top. Exclusive of loss by leakage, this would provide sufficient water 
for firing all but 750 of the 7,000 rounds carried with each gun, assum- 
ing this amount of ammunition to be tired automatically and con- 
tinuously. 

During the marching tests several of the ammunition boxes fur- 
nished with the Colt gun came apart or broke. They are entirely too 
fragile to withstand service conditions. 

During the marching tests many cartridges worked loose and a 
number worked out of the belts furnished with the Colt gun, showing 
conclusivelv their unsuitabilitv for service. 

Before commencing the marching tests a new barrel was assembled 
in the Vickers standard pattern gun, during which it was fired 550 
rounds. 

Total number of rounds tired with this gun, 20,253. 
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During these tests the eroded 8-inch gun barrel was u.-^ed in the Colt 
gun and was tired 1,200 rounds, making a total of 3,210 with this bar- 
rel and of 7,914 with the gun. 



GENERAL REMARKS. 



The weights of the different gun.s, mounts, ammunition boxes, belts 
or feed cases, loading machines, packs, etc., are as follows: 



Artlfles, 



DanLsh. 



Poumh. 
15. 75 
24 



11.25 




Gun 

Tripod 

Combined carriage and trip<xi 

Tripod of above 

Loading machine 

Ammunition box for 250 rounds 

Feed belt for 260 rounds 

Feed case for 30 cartridges i i i 

Carriage, landing ! 176 

Sleigh mount I 

Spare barrel ' 3. 25 

spare lock 

Spare feed bloclc 

Pkck saddle, complete 

Aparejo, frame and hangers 

Water required to fill jacket pints 



14.25 
.375 



120 



Vickers 

.standard 

pattern. 

Pounds. 
&i 
51 

228. 25 
86 
IH 
6 
2.4 



H2.25 
6.25 
1.84 
3. 75 

74 



12.5 
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The only guns thoroughly tested were the Colt and Vickers Sons 
i& jMaxim standard pattern, the Vickers Company having withdrawn 
their solid action gun, and further tests of the Danish gun being aban- 
doned, due to the failure of the feed mechanism to operate properly. 
The Colt gun is designed to fire at a rate of 400 and the Vickers at 000 
rounds per minute. The Vickers gun, unlike the Colt, has a water 
jacket for keeping the barrel cool. The barrels of both these guns 
are about 28 inches in length and their velocities at 53 feet differ only 
by 10 feet per second. The two guns appear to be equally accurate 
at 500 and 1,000 yards. The mount of the Colt gun, however, was 
less stable, requiring more frequent adjustments of aim. The endur- 
ance of the Vickers gun, when the jacket is kept filled with water, is 
greatly superior to that of the Colt. The Colt gun was fired 2,302 
rounds with the first lO-inch twist barrel prior to the endurance test, 
during which 999 rounds were fired in 3 minutes and 41 seconds, and 
one hour thereafter 1,372 rounds were fired in 6 minutes and 50 seconds, 
when the accuracy of the barrel was completely destroyed. 

From a second barrel rifled with one turn in 8 inches, after being 
fired 150 rounds, 1,046 rounds were fired in 5 minutes and 29 seconds, 
when its accuracy was also completely destroyed. 

From a third barrel, rifled with one turn in 10 inches, after being 
fired 270 rounds, 1,318 rounds were fired in 9 minutes, when its accu- 
racy was also completely destroyed. 

l^hese tests show that the accuracy of the barrel of this gun will be 
destroyed by firing about 1,000 continuous rounds. 

The first barrel in the Vickers gun was fired 1,889 rounds prior to 
the endurance test. During the first series it was fired 587 rounds in 
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2 minutes and 4 seconds and then 1,000 rounds in 3 minutes and 2 sec- 
onds. One hour thereafter it was tired 2,000 rounds in 11 minuter 
and 42 seconds. After cooling, the third series of 3,000 rounds were 
fired in 22 minutes and 45 seconds; 355 rounds were afterwards fired 
to test the accuracy of the barrel, and then 3,620 rounds were tired m 
40 minutes and 15 seconds, when its accuracy was destroyed. 

A new barrel was then assembled in the gun and 5,864 rounds fired 
in 45 minutes and 20 seconds, when its accuracy was found to be 
impaired, though it still gave good results at 500 yards range. 

A third barrel was assembled in the gun and fired 250 rounds with 
the jacket filled, after which the water was removed and 547 rounds 
fired in 6 minutes, which completely destroyed the barrel. 

These tests show the necessity for cooling the barrel by water and 
also that the Vickers gun should never be tilled except in extreme 
emergency without water in the jacket. 

The Vickers gun stood the dust and defective-cartridge tests much 
better than the Colt. Both guns passed through the excessive pres- 
sure, decreased and increased pressure, and the rust tests satisfactorily, 
neither showing superiority over the other. 

The radiation of heat from the Colt barrel seriously interferes with 
sighting after a few hundred rounds are fired from it. After 500 to 
1,000 rounds are fired continuously from the Colt gun, the heat remain- 
ing in the barrel is sufficient to ignite a cartridge in the chamber, 
which is not the case with the Vickers gun. The gas lever handle on 
the Colt gun also becomes so heated as to burn the hands, and as this 
lever must be oi>erated to insert each )»elt, this is a serious defect. 
After firing about 5(X) rounds the Colt gun becomes so hot that it can 
be handled only with grciit difticulty. 

By taking the actual time required to fire the 125 cartridges in a 
belt, the rate of fire of the Vickers standard gun was found to be 652 
shots per minute, with a new barrel, about 534 shots per minute after 
the barrel was somew hat eroded and the lands of the rifling worn, and 
326 per minute during the firing of the last belt in the series of 3,000 
rounds of Test 13. In long continuous firing with the Vickers gun, 
the highest average rate obtained was 320 shot« per minute during the 
first series of 1,000 rounds. This average rate reduced to 171 for the 
2,000, 131 for the 3,000, and 90 for the 3,620 rounds of Test 13, all of 
which were fired with the same barrel. With the second barrel used 
in this gun, 5,864 continuous rounds were tired at the average rate of 
129 shots |)er minute. 

With a new barrel, the rate of fire with the Colt gun was 480 shots 
per minute, and as the bore was eroded, the lands worn out, and the 
tem|x^r of the retiucting springs drawn, this rate decreased to about 
one-half. In long continuous firing with the Colt gun the average 
rate of fire during the first series of 1,000 was 270 shots per minute, 
and during the 1,372 rounds of the second series of Test 13, was 200 
per minute. The average rate with the second barrel used in this gun 
for 1,046 rounds was 190, and with the third barrel for 1,318 rounds, 
146 shots per minute. 

Although the Vickers gun is designed to have a higher rate of fire, 
the l>elts used in it held 125 instead of 250 cartridges, as in the Colt. 
The time required to insert a belt in either of these'guns and to load 
it is about 10 seconds. 



TEST OF AUTOMATIC MACHINE GUN9. 113 

During the tests the following parts broke in each gun, viz: 

Vickers: Two link pins, counter- recoil spring, feed-jmwl spring, and 
gib spring. The lock was changed several times because the tiring 
pin did not strike the primer. 

Colt, extractor: The temper was drawn from three sets of retracting 
springs and a longer firing pin was inserted. 

The feed belts of the Colt gun will not properly hold the cartridges 
when jostled on the march or after the belts have been wet; they stretch 
unevenly and cause cartridges to be caught by the cogs on the feed 
wheel, by which they are deformed and the firing stopped. 

During the test of the Colt gun 4,7C)4 rounds were fired with the 
first barrel, 3,210 with the second, and 1,588 with the third, or a total 
of 9,502 rounds with the gun. 

During the tests of the Vickers standard pattern gun 13,839 rounds 
were fired with the first barrel, 5,864 with the second, 550 with the 
thii-d, and 797 with the fourth, or a total of 21,050 with the gun. 

The ammunition boxes with the Colt gun are entirely too fragile for 
field service. 

The tripod proper of the Colt gun is serviceable and stable, but the 
top mount is unsatisfactory, due to the back lash in the worm and 
rack, the failure of the clamps to firmly lock the gun in azimuth and 
elevation, and the uncertainty of the oscillation clamp. 

The Vickers tripod mount is unstable, the top carriage is too loose 
on the tripod, and the clamp on the elevating mechanism can not be 
quickly operated. The feature ))y which the front legs can l)e locked 
parallel to the rear one, to enable the tripod and gun to be carried, is 
excellent. 

The combined carriage and tripod is too heavy and bulky to pack 
for field service, but possesses excellent features for use around sea- 
coast defenses. The tripod with this carriage is more suited to field 
service than the other tripods tested, but its rear leg in its present 
form is too long to conveniently pack, its weight slightly too great, 
and the lunette, the handle bar and its socket are unnecessary. 

The sleigh mount is too bulky to Imlance the gun as a side pack, is 
awkward to adjust, heavy, and can not be adjusted to accommodate 
itself to uneven ground. 

The galloping carriage is entirely too heavy and cumbersome for 
field service. 

The field tests made show that either the aparejo with its frame or 
the Vickers saddle is suitable for field service. In view, however, of 
the experience required to properly handle the aparejo and its greater 
weight, the Vi(!kers saddle is better suited for use in packing material 
of this character. 

The Vickers loading machine is stronger, simpler in design and 
operation and more serviceable than the Colt machine. Several of 
the needles in the latter were broken. 

RECOMM EN D ATIONS. 

Gun. — The Vickers Sons & Maxim standard rattern automatic 
machine gun should be modified as follows, viz: The counter- recoil 
spring should be worked in compression, instead of in extension. 
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Provision should be made whereby the tension of the counter- recoil 
spring can be more easily adjusted and an indicator provided to show 
the amount of its tension. 

The fusee link pin should be strengthened. 

The screw covers for the oil cups m the handles should be se<^ured 
so they will not be unscrewed by the vibration due to firing. 

The rear sight should not be graduated for ranges greater than 
2,000 yards. 

An effort should be made to reduce the size of the muzzle attach- 
ment. 

Tripod, — None of the tripods tested were found to be satisfactory 
for field service. The one on the Vickers combined carriage and tripoa, 
however, proved to be the best. This tripod should be modified as 
follows, viz: The front legs should be proviued with slots and the pintle 
bracket with lugs, so that the front legs can be fixed parallel to the 
rear one for carrying the gun and tripod as can be done with the Vick- 
ers light tripod. 

The lunette, wooden maneuver bar and its socket should be omitted 
f lom the shoe plate on the rear end of the long leg. The steel points 
in the shoe plate of all three legs should be larger and longer. The 
rear leg should be made in two parts, hinged together under the seat 
bi*acket, so that the rear part can be turned forward to shorten it for 
packing. The pintle bracket should be lightened and the axle seat 
omitteu. The present azinmth clamping device should be replaced by 
an azinmth screw of small pitch. 

The weight of the tripod should be reduced to that of the gun with 
the water jacket filled to insure a properly balanced pack. 

Combined curroKje and tripod, — This carriage, as submitted by the 
Vickers Sons <& Maxim, is in the main well ailapted for use in and 
around seacoast defenses. The tripod should be the same as that rec- 
ommended for use in field service, except that the rear leg should be 
made in one piece and the pintle bracket provided with a seat for 
attiiching it to the axle. The wheels and axle should be much lighter, 
the wheels reduced in diameter, and the tires widened. A bracket 
should be attached to the axle on each side of the tripod, on which three 
amnmnition boxes can be carried. 

An)ni un It Ion heltf<, — The Vickers belts proved satis factor}^ but should 
be made to hold 250 rounds. 

Anuniinltlon and watrr ho;veH, — The Vickers boxes proved service- 
able and convenient. Boxes of the same exterior dimension, lined 
with copper and provided with a large-sized screw-cover, should be fur- 
nished for carrying water. 

The copper cup with its valve for filling the jacket is satisfactory. 

IjHidlmj nxaclune, — The Vickers loading machine is serviceable and 
satisfactory in all respects. 

Pack HaddleH, —The top frame of the Vickers saddle should be made 
of such dimensions as to hold three ammunition l>oxes, each holding 
250 cartridges, standing on their bottoms. Angle irons should l)e 
provided on the ends as well as on the sides of the fnime. Steel loops 
should be attached to lx)th sides and ends of the frame to enable the 
three ammunition boxes to })e lashed in place. The middle square on 
each side bar should be omitted and the outer two and their clips 
made stronger. Two cavalry saddle cinchas should be used for cincn- 
ing each saddle to the mule and be attached as follows, viz: The upper 
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end of the link strap should he permanently fastened to each square 
and the lower end passed through a 4-iiich ring and secured to the 
link b}' a buckle so as to permit adjustment in the distance of the ring 
from the side bar. One hair cincha should be attached by rawhide 
cineha straps to the two front and the other to the two rear 4-inch 
rings on each side. The two rings on each side should be hobbled 
together and the two cinchas connected under the mule's belly by a 
light strap. The hand-holes under the side l)ars should be made larger 
to admit of easier manipulation of the hair in the pad. 

The flannel lining of the pad should be replaced by light duck, 
which is more durable and serviceable than the former. 

The crupper, instead of being connected as at present to the top of 
the frame, should be connected by a split back-strap to rings on the 
upper rear corners of the pads. The side and back-straps should be 
more strongly attached to tne ends of the breech and breast stnips and 
both of the latter lengthened to tit the larger mules in our service. 

A saddle bhmket should be issued in place of the felt saddle pad, as 
with the former the load is less lial)le to slip. The blanket can be 
unfolded to shake out and dry. When the felt pad is worn thin in 
places, as will occur, it becomes useless. 

A duck boot should be secured to the gun hanger to protect the gun 
from dust and rain. 

FINDINGS. 

As a result of the tests made with the material submitted to it, the 
board, in accordance with instructions contained in the convening 
order, finds as follows, viz: 

First. That the Vickers Sons & Maxim standard pattern automatic 
machine gun is best adapted to fulfill the requirements of the military 
service. The modifications suggested herein should, however, be 
embodied in this gun. 

Second. That the tripod on the Vickers Sons & Maxim combined 
carriage and tripod, and the Vickers Sons <& Maxim pack saddle, when 
both are modified as recommended herein, are best adapted for our 
field service; and, also, that the Vickers Sons & Maxim combined 
carriage and tripod is best adapted for use in and around seacoast 
defenses. 

Third. That the most convenient and serviceable form in which 
ammunition for automatic machine guns can be carried in field 
service is in feed belts, each holding 250 rounds; that each belt should 
be packed in a wooden ammunition box of the same design as that 
furnished Uy the Vickers Sons & Maxim Company, and uiat these 
boxes should be transported on pack saddles. The ammunition for 
these guns should be issued to each gun detachment in the same form as 
issuea tothe troops with which the detachment is serving. A Vickers 
Sons & Maxim loading ma<*hine should be carried with each gun and 
each detachment should at all times keep 7,000 rounds of ammunition 
loaded in belts. 

Fourth. That for field service pack transportation should be pro- 
vided for 7,000 rounds of ammunition for each gun; that the gun, 
tripod, three ammunition boxes, spare lock, feed block, and counter- 
recoil spring should be packed on one mule; that seven ammunition 
boxes and the loading machine boxed, should be placed on a second 
umle; that six ammunition boxes and two water boxes should be 
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packed on each of the other three mules and that the additional spare 
parts, accessories, tools, and water cup be distributed among the last 
three mules; that six ammunition boxes should be packed on the axle 
of the combined carriage and tripod recommended for use in and around 
seacoast defenses. 

The board recommends that the material enumerated above, found, 
as the results of the tests made, to be best adapted to fulfill the rcMjuire- 
ments of the military service, be adopted. 

There being no further business before the board, it adjourned 
sine die. 

Edwin V. Bookbiilleb, 
Captain and Adjutant^ Ninth Infaivtry^ President, 

T. C. Dickson, 
Captain^ Ordnance Departtaeiit^ Member and Recorder. 

Jno. S. Winn, 
Captain^ Second CavaJry^ Member. 
Geo. D. Guyer, 
Captain^ Sixteenth Infantry^ Member, 
W. S. McJUiR, 
Captain^ Artillery Corps ^ Member, 



Descriptioiw of material tested, 
(With 15 plates.) 

Plate 1, Danish rifle-mitrailleuse. 

Plate 2, Danish rifle mounted on tripod. 

Plate 3, Danish rifle being fired in prone position. 

Plate 4, Colt gun. 

Plate 5, Colt loading machine. 

Plate B, Colt gun mounted on tripod. 

Plates 7 and 8, Vickers Sons & Maxim solid action gun. 

Plates 9 and 10, Vickers Sons & Maxim standard pattern gun. 

Plate 11, Vickers Sons & Maxim loading machine. 

Plate 12, Vickers Sons & Maxim combined carriage and tripod. 

Plate 18, Vickers Sons & Maxim tripod. 

Plate 14, frame for packing Colt gun and tripod on aparejo. 

Plate 15, Vickers Sons & Maxim pac^k saddle. 

DESCRIPTION OF THE DANISH RIFLE-MITRAILLEUSE. 

Figure 1, on Plate 1, shows a cross section of this rifle and an eleva- 
tion of the tripod arms. Figures 2 and 3 show cross sections on the 
lines C D and G H, respectively. 

Plate 2 shows the gun mounted on the tripod, and Plate 3 the gun 
l)eing fired prone witn the muzzle-rest device. 

The barrel cover (1) is screwed into the fmme (2) and in rear of the 
muzzle two legs (3) are attached to the Imrrel cover for supporting 
the rifle when it is fired in the prone position. When these legs are 
not in use the}' can be turned back along the under side of the barrel 
cover. 

The receiver (4) is screwed onto the Iwirrel (5); the breechblock, 
extractor, hammer, and cartridge feeder are assembled to the receiver. 
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The barrel, receiver, and the parts asseinhled thereto move longitudi- 
nally in the barrel cover and frame. 

The mechanism is operated by the energy of recoil of the barrel and 
the parts attached thereto, which energy is produced by the powder 
pressure in the bore and by the reaction of the powder gases on the 
muzzle. The rifle submitted for test differs slightly from that shown 
on Plate 1, in that the muzzle cover extended forward If inches beyond 
the barrel and was closed with a plug containing a hole slightly larger 
io diameter than that of the bullet. The object or the space thus formed 
between the end of the barrel and the plug is to increase the energy 
of recoil of the moving parts by means of the reaction of the powder 
gases on the muzzle during the time elapsing from the instant the 
bullet leaves the barrel until it has passed the plug. 

The head {6) of the recoil arm (7) and that of the percussion arm (8) 
bear against tne plug (9) which is dovetailed into the rear wall of the 
receiver; the recoil arm (7) is assembled on the square section (10) of 
the ofterating bolt (11) so that the bolt and arm rotate together. The 
percussion arm (8) is assembled on the round section of the operating 
bolt (11) and its movement is, therefore, independent of that of the 
bolt. The recoil and the percussion arms are actuated by the counter- 
recoil spring (12) and the percussion spring (13), respectively. On 
the right-hand side of the plug (9) is a lever (14), on which the head (6) 
of the recoil arm slides when the breechblock is opened by means of 
the handle (15) assembled on the right end of the operating bolt (11). 
The handle (15) is assembled to the operating bolt (11) in such a manner 
that it does not rotate with the l)olt when the piece is fired. 

The hammer (16) is lussembled on the left side of the plug (9); when 
the piece is fired the percussion arm strikes the hammer and transmits 
its blow to the tiring pin (17). 

The breechblock is piv^oted in and near the rear end of the receiver 
(4) and the cartridge feeder (18) is pivoted l>etween two lugs projecting 
from the under side of the receiver. 

The upper end of the cartridge feeder (18) is curved and its lower 
end has two arms (19), which, during the forward and backward move- 
ments of the recoiling parts, bear against a block (20) tixed in the trig- 
ger plate (48). During the rearward movement of the receiver the 
upper end of the cartridge feexler is moved to the rear and engages the 
cartridge in the hopper, and during the forward movement of the 
barrel the cartridge feeder is moved to the front, thereb}^ forcing the 
cartridge forward into the chamber. On the right side near the front 
end of the breechblock is a guiding pin (22); the upper left side of the 
breechblock is shaped so as to guide the cartridge while it is being 
inserted in the chamber by the cartridge feeder. On the under side 
of the block is a curved surface (23) for guiding the empty shell during 
its ejection; the tiring pin (17) is seated in a hmgitudinal hole in the 
breechblock and its movements are limited by the screw (24). The 
firing pin is provided with a spring to hold its point within the face of 
the block. 

The breechblock is rotated vertically in the receiver by the guiding 
pin (22) which, during the longitudinal motion of the receiver, moves 
around the prismatic Tug (25) and the irregular curve (22) formed in a 
side plate wnich closes an opening in the right side of the frame. 

The ejecting mechanism consist-s of the block (27) pivoted to the 
receiver, of the ejector (80) pivoted in the block, and of the springs 
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(28 and 29). During the rearward movement of the barrel and 
receiver the ejector pin, which is moved downward by the cam lug8, 
and a plate closing an opening in the left side of the frame, preventij 
the ejector mechanism from releasing the cartridge before the lower 
end of the ejector strikes against the lever (31), whereby the upper 
end of the ejector is thrown to the rear, thereby ejecting the empty 
shell. To prevent the ejector from interfering with the insertion of 
a cartridge in the chamber the front end of the breechblock (21) bears 
against the rear end of the block (27) during the forward movement 
of the receiver and holds the ejector (30) below the chamber until the 
cartridge is inserted and the front end of the breechblock raised into 
position. 

The trigger (31) is pivoted in the guard and in its front end is hinged 
a hook (32) which passes through a slot in the sear (33). Under the 
action of tne sear spring (34) tne sear is engaged by the hook. The 
rear end of the sear is pivoted in the guard; on its top is a lug (35) which 
engages in the sear notch of the percussion arm (8) and holas the latter 
in its cocked position. On the right side of the sear is a seat for the 
block (36) which is actuated by the lug (37) on the trigger (31), so that 
the block is mov^ed forward when the trigger is pulled. When the 
trigger is pulled its front end is depressed against the action of the 
trigger spring, and the hook, and consequently the sear, ai*e moved 
downward until the lug (35) is disengaged from the percussion arm (8), 
leaving the latter free to rotate under the action of the spring (13) 
around the bolt (11). 

In order to prevent accidental discharge, when the breechblock is 
not fully closed the front sides of the hooks of the percussion and 
recoil arms are slightly flattened, forming a recess for the upper end 
of the hook (32), in which it must be seated before it can engage and 
depress the sear. As this recess in the hubs of the arms is so located 
that the hook (32) can enter it only when the breechblock is fully 
closed, the gun can not be fired until this condition exists. 

To fire automatically the swivel (38) should be turned so that the 
trigger can be pulled completely back. When this is done the block 
(36) is pushed so far forward by the arm (37) that the lug (39) on the 
hub of the recoil arm presses the block (36) and with it the sear (33) 
each time the block is closed, thereby i*eleasing the percussion arm and 
firing the piece. When the trigger is released the arm (37) raises the 
block (36) so that the lug (35) on the sear can engage the percussion 
arm and stop the firing. The safety lock (40) has a lug (41) which can 
be turned beneath the front end of the sear (33) so tbat the trigger 
can not be pulled. The handle of the safet}^ lock is on the left side of 
the trigger plate. On the left-hand side of the frame (2) is a hopper 
(42) into which a feed case can be inserted and locked therein by means 
of the lever (43). In the exterior wall of the hopper (42) is the stopping 
hook (41) which catches the receiver in its rearmost position when the 
last cartridge in the feed case has been fired, and retains the receiver 
in this position until the hook is released by the insertion of another 
case. The stopping hook turns round the pin (45) and is actuated by 
the spring (46). A projection from the top of the frame receives the 
cartridge feeder and the remainder of the top is closed by the cover 
(47). The bottom and rear ends of the frame are closed by the trigger 
plate (48), the front end of which terminates in two hooks (49) wnich 
engage in slots in the frame and at the rear by the screw (50) which 
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passes through the side walls of the frame (2) and also throug-h those 
of the trigger plate. 

On the under side of the trigger plate is an oixniing through which 
the empty shells are ejected. This opening is closed by the gate 
(51) which, when the rifle is used in the tripod, serves as an elevating 
arm. The operation of this rifle is as follows: 

When tired the pressure exerted by the powder gases upon the 
breechblock and the reaction of the gases on the muzzle of the barrel 
move the barrel, receiver, and parts attached thereto rearward, thereby 
rotating the recoil and percussion arms aVK)ut the operating bolt, com- 
pressing their respective springs and engaging tne percussion arm 
with the sear. The moving parts are returned to their firing position 
by the recoil spring actuating the recoil arm. During the rearward 
motion of the barrel and receiver the front end of the breechblock 
is rotated upward to permit the extraction and ejection of the empty 
shell, and during their forward motion the front end is first rotated 
downwanl so as to permit the insertion of the cartridge and then 
upward against the head of the cartridge. During the rearward 
motion of the barrel and receiyer the ejector is tripiXHl in such a man- 
ner as to extmct the empty shell from the chamber and throw it 
against the curved surface on the under side of the bolt by which it 
is directed out of the gun. During the rearward motion of the receiver 
the upper end of the cartridge feeder is rotated rearward so as to 
engage the head of the lowest cartridge in the hopper, and during the 
forward motion of the receiver it is rotated forward in such a way as 
to insert the cartridge in the chamber. If the point of the swivel (38) 
is turned downward in the guard bow and the trigger pulled, one shot 
will be fired, loaded, and the piece remain cocked; if the point of the 
swivel be turned upward out of the bow, automatic firing will continue 
as long as the trigger is held back. The feed guide forms the maga- 
zine of this gun and is inserted in the hopper on the left side of the 
frame. 

The feed case is made of tin and is circular in shape. One end ^',^ 
ribbon spring is attached to its upper end, and to the other emji ottiht 
spring is attached the follower. (Jn the lower front end of thd c«(is^fi)i 
a lug to be engaged in a slot in the front end of the hopper, and on 
the rear end is a notch in which the lower end of the lever (48) engages 
to secure the case in the hopper. On the lower outer side of the feed 
case is a spring which retains the cartridges therein and which, when 
the case is inserted in the hopj^er, is sprung outward by a beveled 
surface in the left wall of the hopper, thereby permitting the passage 
of the cartridges from the feed guide into the hopper. The feed case 
holds 30 rounds. 

The loading machine consists of a semicircular metal trough, in 
which a feed case and 30 cartridges are placed. The cartridge section 
has a hinged cover to prevent their displacement. The cartridges are 
forc^ed into the feed case by a lever pivoted to an arm attached to the 
ends of the trough. 

The tripod has three legs of tubing pivoted in a ])lock. The lower 
end of each leg is pointed and has a plate hinged to it to limit the dis- 
tance which it can l)e inserted in the ground. The rear leg is curved, 
has a brace, and is provided with an adjustable bicycle seat. The pintle 
can be turned sideways on tne block by means of a screw to level the 
gun. The pintle can be moved in azimuth in the pintle socket. The 
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top carriage can also be rotated sideways in tlie pintle. It has two 
arms in which the ^iin is triinnioned, and at the rear end a slot into 
which the bottom cover on the gun can be clamped by a screw. 

DESCRIPTION OF THE COLT AUTOMATIC MACHINE GUN, MODEL OP 1908. 

Plate 4 is a top view and side elevation of the gun, showing the 
breech closed. The numbers in the following description refer to the 
corresponding numbers on this plate. In its construction this gun 
differs from the model of 1899 only in that the short retracting con- 
nection link is made solid instead of in two parts, and the addition of 
the belt guide lock-screw and of the barrel-lock pin. The barrel is 
screwed mto and secured in the receiver by the barrel-lock pin, and 
this method of assembling enables the barrel to be easily replaced. 
The parts of the operating, firing, and feeding mechanisms are assem- 
bled to the barrel and receiver, and are inclosed by two side plates and 
the bottom plate, which are secured to the receiver and gas-lever 
bracket. 

The automatic action of the piece is effected by means of the pressure 
of the powder gases in the bore. When the bullet is about 7 inches 
from tne muzzle a hole opening vertically downward from the bore 
into the gas cylinder is uncovered and the action of the powder gas 
escaping through this hole upon the piston, pivoted on the front end 
of the gas lever, is used to open the breechblock, extract and eject the 
empty shell, cock the hammer, withdraw from the belt, and deliver in 
front of the l)reech bolt a cartridge, and to compress the retracting 
springs. The energy thus stored m the springs is used to insert the 
cartridge in the chamber, close and lock the breech bolt, revolve the 
feed wheel, and return the operating parts to their firing positions. 

The radial vent in the barrel is .067 inch in diameter and opens 
into the gas cylinder, which is closed by the piston (35). The piston 
is pivoted on the front end of the gas lever (29), the rear end of which 
is pivoted in the gas-lever bracket (33) on the gas-lever bi*acket pin 
(34) so as to swing thereon in a vertical plane below the barrel. Two 
tubes (39 and 40), immediately beneath the barrel, contain springs 
(37 and. 38) which are connected by the retracting connection (45) and 
links (47 and 49) to the short arm of the gas lever (29) in such a man- 
ner that the springs ^^ieldingly hold the gas lever in position, as shown 
in the drawing, with the piston closing the vent. The gas-lever con- 
nection (31) is pivoted at its front end to the gas lever by the gas-lever 
connection pin (32) and at its rear end with the slide (86) by the slide 
pin (87). The slide has a longitudinal motion under the barrel and in 
its recesses in the receiver, and at its rear end is connected with the 
breech })olt (13). The breech l^olt is arranged so as to move back- 
ward and forward in opening and closing the barrel. When clased 
the rear end of the breech l)olt is swung downward, turning on the 
front end as a fulcrum, and in this position it is supported oy abut- 
ments in the receiver. A central rib of the breech !)olt projects into 
a slot in the rear end of the slide and the pin (14) passes through the 
slide and through the diagonal slot in this rib, thus connecting the 
breech bolt with the slide and causing the latter as it moves rearward, 
first, to raise the end of the breech bolt, thereby unlocking it, then to 
move it rearward and ojx^n the breech ; the forward movement of the 
slide moves the breech bolt forward and finally for<*es its rear end 
down, thus closing and locking the bolt. In rear of the breech bolt a 
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hammer (6) ia arranged, the stem of whi(*h and the mainspring (7) in it 
are guided in the handle (1), which closers the rear end of tlie receiver, 
and to which the trigger (8) and sear (10) are attached. This hammer 
is also used as a piston for the air pump wliich forces a strong jet of 
air into the chamber and removes all particles of unburned powder 
immediately after the empty shell is extracted. As the bolt moves 
rearward it forces back the hammer. The trigger (8) and sear (10) 
nerve to retain the hammer coi^ked until the breech )K)lt is closed and 
locked, when the hammer may be released by pulling the trigger. The 
trip ^85) is pivoted in the left side of the receiver and when the breech 
bolt 18 closed the slide raises the front end of the trip, thereby causing 
its rear end to disengage the sear from ttie hammer. If the trigger is 
then pulled the piece will be fired. If the pull on the trigger be con- 
tinued the trip will cause the sear to release the hammer the instant 
the breech bolt is fully closed on each cartridge and the piece will be 
fired automatically. By this means either single shots or a continuous 
volley may be tired. This gun is designed so as to tire automaticall}' 
at the rate of 400 rounds per minute. 

The feed belt is insertecl through an opening in the left side of the 
gun and the cartridges in it pass successively over the feed wheel (61), 
which is rotated by the slide (80) and the levers (66 and 71), so that at 
each stroke of the slide one cartridge is presented in front of the 
extra<$tor (82) attached to the slide, and b\' it the cartridge is drawn 
rearward onto the carrier (21), pivoted at (22) in the receiver. The 
empty feed belt passes through an opening in the right side of the gun. 
A aog (63) is attached to the bottom plate (91), which prevents the 
feed wheel from rotating in the wrong direction. A feed throw-off {(jS) 
is pivoted on the right side of the gun, by which the feed- wheel dog 
can be disengaged from the feed w^heel to permit withdmw^al of a par- 
tially emptied belt. The rear end of the carrier is provided with a 
spring dog (28) which yields to the slide in its rearwara movement but 
causes the first part of the forward movement of the slide to mise the 
front end of the carrier and present the cartridge thereon in front of 
the breech bolt, by which it is i)ushed into tlie Inirrel. The shell 
extractor (15) is inserted in th<* right side of the breech l)olt and with- 
draws the empty cartridge shell from the chamber and retains it in the 
recess in the front end of the bolt until the shell is struck by the 
ejector (76) and thrown out of the gun through the opening on the 
right-hand side of the receiver. The firing pin (18) in the bree<'h bolt, 
so located that it c*an be struck by the hanuuer only when the ])reiM*h 
bolt is firmly locked, transmits the blow from the hammer to the 
cartridge primer. 

A safety lock (58) securel}'^ locks the hammer and prevents the firing 
pin from being struck when its outer arm is turned to the position 
marked "Safe." The safety lock is to be used onl}*^ when a loaded 
cartridge is left in the chami)cr. 

The cartridges <*an l)e loaded by a machine into the belt, one end of 
which is inserted from the left through the belt openings in the side 

f dates, the right end of t^e belt is pulled so as to bring a caitridge in 
ront of the extractor and the giis lever is then swung downward and 
to the rear by hand and released. The gun will then l)e loaded. 

When fired the action of the parts is as follows, viz: When the 
trigger is pulled the hammer is rehoused and is thrown forward by 
the mainspring, so that it strikes the firing pin, which in turn strikes the 
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primer and ignites the cartridge. As soon as the bullet has passed 
the vent, the gas lever is rotated about 180 degrees downward and to the 
rear, thereby compressing the retracting springs and moving the slide 
to the rear. During this rearward motion of the slide, the rear end of 
the breech bolt is I'aised and the bolt, together with the hammer, is 
moved rearward until the latter is caught by the sear and trigger; the 
empty shell is w ithdrawn from the chamber by the extractor and thrown 
out of the gun by the ejector, a cartridge is withdrawn from the \ye\t 
onto the carrier by the cartridge extractor, and the feed lever (60) 
causes the pall of the ratchet lever to ride upward over the cam surface 
on the next tooth of the feed wheel. When the rotation of the gas 
lever to the rear stops, the retiucting springs being compressed return 
the gas lever to its firing position. During the forward movement 
thus communicated to the slide, the feed wheel is rotated so as to bring 
the next cartridge in front of the cartridge extractor, the carrier w 
raised, the breech lx)lt moved forward, forcing the cartridge on the 
carrier into the chamber, and is locked, and the sear is released from 
the hammer ))y the ti*ip, leaving the piece loaded and cocked ready for 
tiring. 

Each feed belt consists of a single piece of cotton duck woven with 
loops, into which cartridges are inserted. A brass strip is riveted to 
eacn end of the belt. The belts used in the tests held 250 rounds, but 
C4in be made any desired length. 

Each belt is placed in a wooden box having a sliding lid. Near one 
end of the box, that is specially shaped, are two grooves by which it 
is attached to the mount. 

The belt-loading machine, Plate 5, is arranged so that single car- 
tridges packed in pasteboard boxes, or cartridges packed in clips of five, 
can l>e loaded directly into the belt. The first two cartridges must \ye 
inserted in the belt by hand, which is then inserted and loc^ked in the 
machine with the fii*st cartridge in the feed wheels. Turning the crank 
causes the cartridges to be successively inserted in the loops of the belt. 
The machine can be attached to a bench, box, etc., by two screws. 
This machine can be operated by one man, but the rate of loading is 
practically doubled when operated by two. 

The mount consists principally of two bronze castings. The upper 
one contains the seat for the gun, in which it is secured by a pin, and 
))eneath this seat is a semicircular i-ack engaging an elevating worm. 
A screw is provided in the seat by which an}^ vertical lost motion of 
the gun therein can be prevented. This part is provided on the left 
side with a seat for the ammunition box and is trunnioned on a bolt on 
the lower part. The lower part is provided with two trunnion arms 
attached to a flanged, conical pintle, ])y which the mount is assembled 
to the carriage or tripod so as to have a motion in azimuth. An ele- 
vating shaft, carrying a worm and handwheel, is assembled in the 
lower part beneath the elevating rack. A clamp screw is provided for 
locking the mount in elevation. The lower part is secured to the tripod 
or carriage by a friction disk and screw bolt.^ 

The tri|X)d consists of three legs pivoted to a bronze casting, which 
forms a pintle socket for the mount. The legs are made of steel tub- 
ing, one being somewhat longer than the other two. Their upi)er 
ends are provided with bronze hinge pieces and their lower with 
bronze shoes and pointed steel pins. A clamp screw is provided for 
locking the mount in azimuth. A bicycle saddle and leather ca^e for 
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tools, spare parts, etc., are attached to the long leg. An oscillating 
arm can be attached to the mount in place of the friction disk, and in 
each fork of the rear end of the arm is a clamp screw. A lug is 
^Attached to the long leg and the clamp screw can be adjusted so as to 
limit the arc through wnich the gun can be oscillated or to prevent its 
oscillation. The gun mounted on this tripod is shown on Plate 6. 

The carriage consists of a tubular axle and trail united by a bronze 
pintle socket, to which the mount is assembled. The rear end of the 
trail is provided with a shoe, a steel point, and a socket for a wooden 
bar by which two men can maneuver the cartridge. The wheels are 
36i inches in diameter, have wooden spokes, felloes, and hubs, and 1ft- 
inch tires. A bicycle seat and leather case for tools, etc., are attached 
to the trail. A clamp screw in the pintle socket enables the gun to be 
locked in azimuth. Two brackets are secured to the axle, to which 
two chests are fastened; the front one holds two and the rear one six 
ammunition boxes, each holding 250 rounds. 

DESCRIE»T10N OF THE VICKER8 SONS AND MAXIM SOLID ACTION MACHINE GUN. 

Figures 1, 2, and 3 of Plate 7 are respectively a side elevation, 
longitudinal cross section and a plan view of this gun. On Plate 8 
are two longitudinal sections of tne recoiling parts, Figure 4 showing 
the lock closed, and Figure 5 the lock open. The luimbers of the parts 
in this description correspond to those on the drawings. 

The energy required for the automatic operation of this gun is 
derived from the action of the powder gases, as they escape from the 
muzzle of the barrel, upon a piston. 

The water jacket (30\ of steel, holds alx)ut 12 pints of water for 
keeping the barrel cool during firing; it has 3 openings, one on the 
upj>er right side near the breech for filling, one underneath near the 
muzzle for drawing otf the water, and the third, also near the muzzle, 
for the escape of steam. The first two are closed with screwed plugs 
(33) and (34) the last (41) by a rubber plug. 

To prevent the escape of water, there is at the forward end of the 
water jacket asbestos packing which is held in position round the bar- 
rel (25) by the muzzle packing gland (32). Near the rear end of the 
barrel (25) are two cannelures (91), also filled with asbestos packing, to 
prevent water leaking into the mechanism. 

In front of the water jacket is a gas chamber (42) inside of which a 

friston (43) works. The latter has a hole in it through which the bul- 
et passes after leaving the barrel. 

On the u^)per surface of the gas cham]>er is a lug, to which the front 
sight (102) IS attached, and on each side are guides (iOS) for the yoke 
(44). Underneath the water jacket are two guide lugs (46) which con- 
trol the motion of the action bar. The piston is secured to the yoke 
(44), the rear ends of which are connected to the action bar (48) by the 
joint pin (47). The a<*tion bar is forked, the right-hand arm is pro- 
longed into the breech so as to engage with the action lever (51), and 
the left arm has a slot cut in it which works the feed lever (59); each 
arm has a trunnion l)earing in which engage the trunnions of theaction 
bar spring casing (50). The front end of the spring casing engages in 
a recess in the trunnion block. This casing consists of two cylinders, 
the rear one sliding over the front one, and inside is a spring (49) 
called the action-bar spring. 
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Under the water jacket is the ejector tube (26), through which the 
empty cartridge cases are ejected from the gun; the spring (27) pre- 
vents these cases falling backward into the casing. 

A steam tube is fitted in the water jacket above the barrel, consist- 
ing of two tubes, one fixed, having a hole near each end, the other 
arranged to slide JFreely on its exterior and termed the slide valve. If 
the gun is fired at an elevation, this valve slides backward, closing up 
the hole at rear end of tube, and prevents water entering; at the same 
time it leaves the front hole uncovered, which, being alx)ve the water 
level, allows the steam to enter the fixed tube and to escape through 
the hole bored in the solid part of the front end of the water jacket, 
with which the tube is connected. Similarly if the gun is fired at a 
depression the valve slides forward, uncovers the rear hole, allowing 
the steam but not the water to escape. 

The breech casing is attached to the mount by nieans of the cross- 
head and elevating joint pins, and consists of two outside plates (67), a 
bottom plate (88), and the handle block (79), the whole being closed 
bv a cover. 

The outside plates are dovetailed into the water jacket, and together 
with the cover are secured by means of the cover joint pin (92). In 
both plates are slots which enal)le the crank, recoil plates, and oarrel 
to be mserted in the gun. On the inside of both are solid cams (73), 
which control the path of the carrier. On the outside of the right- 
hand plate are the following fittings, viz: 

Buffer spring socket (72), which forms a stop for the action lever, 
and contains a recess which receives the buffer spring (71); stud (52) 
on which fits the action lever (51) which is secured to it by means of a 
collar (53) and a split pin; a projection (70) which forms the crank- 
handle stop. 

On the outside of the left-hand plate are three studs (78) for the 
clock spring box (75) and a Ik)ss through which passes the axis screw 
(60) of the feed lever. At the rear bottom end of both plates are holes 
through which passes the handle block joint pin (86) on which the 
handle block (79) is hinged. 

The l>ottom plate (86) is secured by rivets to the two outside plates; 
along the bottom lies the trigger bar (82) and underneath is a bracket 
(89) to which the elevating gear is attached by metms of the elevating 
joint pin. 

The outside plates are connected at the rear end by the handle block 
(79) which is held in position by means of the taper pin (87). The 
handle ))lock is fitted with hollow handles for trav ersing, which are 
also used for carrying oil, a firing lever, the lower end of which is 
attached to the trigger bar, while its upper end is provided with a 
push button (83) for firing and a safety indicator (85) which is so 
arranged that when it is turned to the safe position the tiring button 
can not be pressed forward. 

The cover is fitted with cam guides (93) to insure the carrier drop- 
ling on recoil. At the rear end is a gun-metal block (94) to keep the 
ock down when in its rearmost position. In this blcK*k is a recess in 
which the cover cat<^h (95) with spring (9^)) and plunger (96a) fit. On 
the upper surface of the cover is the timgent sight, which is graduated 
to 2,000 yai-ds. 

Inside the breech casing are two recoil plates (24); these are each 
provided in front with a trunnion hole, which receive the barrel trun- 
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niona and inside each are grooves (105) in whieli the flanges of the lock 
move. In addition, each has a hole which forms a bearing, through 
which the crank passes. On the inside of the right recoil plate is the 
carrier holding-up spring. On the outside of both plates are projec- 
tions, which accurately nt in slots in the casing plates. 

The breech end of the barrel (25) is formed in the shape of a blo<^k, 
having a trunnion on each side, by means of which the barrel is 
attached to the recoil plates. 

The crank (22) is fitted on the right end with a handle (69), the left 
is square to receive the clock square (77). The crank pin works in a 
slot in the lock casing to which it communicates a reciprocating motion. 
In front of the crank pin are two horns (22a), which engage with the 
corresponding projections on the lifting lever (15), by means of which 
the carrier is raised to the firing position. 

On the left of the breech casing there is a strong spiral spring (74) 
called the clock spring, one end of which is attached by a hook (77a) 
to the clock spring square (77) and the other end to the hook (76) in 
the clock -spring Ik)x. 

The crank pin works in slots in the lock casing, and then in the firing 

Ksition closes the breech. The lock is kept in position during its 
ckward and forward movements by means of flanges working in the 
grooves (105) in the recoil plates and also by the gun metal block (87). 

The carrier (17) is attached to the front end of the lock by guiae 
ribs upon which it has a vertical motion and is fitted with tail spring 
(21), gib (18), gib spring (19), and shutter (20). The projections on 
the tail spring and gib, together with the cartridge grooves in the 
carrier, retain the cartridges in position. 

The carrier is now moved upward by means of the lifting levers (15) 
and the crank horns (22a), and when in its highest position is retained 
there by means of the carrier holding-up spring which insures the hole 
for the firing pin being opposite the primer of the cartridge. The 
upward and downward movements of the carrier are regulated by 
guide ribs and stops, the upper stops forms part of the lock casing 
and the lower one (18) is removable. 

The gun is supplied with cartridges from a belt which passes through 
the feed block, on the top of the gim, from right to left. This belt is 
formed by two pieces of flax webbing united by eyelets and brass 
strips between adjacent cartridges; the projecting ones guide the belt 
through the feed block and securely locate the belts in the ammuni- 
tion boxes. The belt is made thit^k at the edges next the bullets by 
being folded over a piece of cord, so that the cartridges may be kept 
parallel in passing through the feed block. 

The feed block (54) is provided with a slide (55) to which is attached 
the pawl (61) with a spring for the puipose of moving the cartridges 
from right to left. Ihe slide ha,s a transverse motion given to it by 
means of two levers, which are fitted together. The top lever (56) has 
a slot which engages a stud on the slide, while at the ena of the bottom 
lever (58) is a stud which engages in a recess in the feed lever (59). Thus 
the slide is connected with the action lever bar (46). There is also in 
the feed block a stationary pawl (64) which projects up under the belt 
and prevents it slipping backward when the pawl is moved to the right 
to engage the next cartridge. To facilitate* the entrance of the cart- 
ridges, the feed block is provided with a belt roller (65), and, in addi- 
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tion, has steel guides tixecl above and below in the cartridge way, 
which insure the cartridges coming to the exact position where they 
can be seized l^y the carrier. They are prevented from being pushed 
too far througli to the left by means of the cartridge and bullet stops, 
which are inside the feed block. 

The action of the mechanism is as follows: When a cartridge is fired, 
the gjises escaping from the muzzle enter the gas chamber (42) and 
force the 3'oke (44), piston (43), and action bar (48) forward about 1 
inch, thereby moving the lower arm of the action lever (51) to the 
front. This brings tlie upper arm of the action lever into contact with 
lower arm of the cmnk handle (69), thereby rotating the handle to the 
front and the cnink downward to the rear, which draws the lock rear- 
ward from the barrel and winds up the clock spring. The forward 
motion of the action bar compresses the action-bar spring (49) and 
moves the up]^r pawl in the feed l)lock to the right so as to engage 
the next cartridge in the belt. When the lock moves backwaratne 
carrier (17) withdraws the empty shell from the barrel and a fre^h car- 
tridge from the belt. The carrier moves directly rearward until the 
cartridge is clear of the belt, when it falls partly by its own weight 
and partly by the action of the cover cam guides (93^ until the cartridge 
is in line with the barrel and the emptv shell in hne with the ejector 
tube (26). 

When the force of the gases is expended, the clock spring (74) unwinds 
itself in recovering it^ normal position, thereby revolving the crank so 
as to force the lock forward against the l)arrel. At the same time the 
action-bar spring (49) recovers itself and forces the action bar (48), 
yoke (44), and piston (43) back to their normal positions. As the 
action bar travels to the rear it moves'the upper pawl on the feed-block 
slide to the left and thus brings up automatically a fresh cartridge into 
position in the feed block. As the lock moves forward into the firing 
p)sition the live cartridge and the empty shell are respectively inseilwl 
in the chamber and ejector tube (26). The carrier (17) is moved 
upward l)y the horns of the crank acting on the lifting levers, thereby 
leaving the empty shell in the ejector tube imtil pushed out by the next 
shell, also causing the live ciirtridge to slide over the gib until oppo- 
site the tiring-pin hole and engaging the next cartridge in the feed 
block. The carrier reaches \t^ highest position before the crank has 
finished its travel, so that during tlie latter part of its movement the 
cmnk pin cjuises the lock to press the carrier hard against the end of 
the l)arrel, thus giving an additional forward motion to the lock and 
thereby tightening up all the joints in the breech mechanism and sup- 
porting it firmly agauist the barrel at the instant of firing. 

The turning of the cmnk handle to the front not only draws the 
lock away from the barrel, but also gives a downward motion to the 
cmnk pin. The latter, bearing on the tail end of the tumbler (6), 
rotates it on its axis, and the head of the tumbler being engaged in a 
recess in the firing pin (4) forces the latter to the rear, compressing the 
lock spring(ll). >Vhen the notch of the tumbler has moved above the 
I)oint of the hand sear (8), the latter is forced bv the hand-sear spring 
(10) under it and is thus able to hold the tumbler in the cocked posi- 
tion. The continued motion of the tumbler carries back the firing 
pin until the safety sear (2), which is acted upon by the hn'k spring 
(11), enters its notch in the firing pin. The firing pin is thus prevented 
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from moving forward by both tlio safety sear and the hand sear, and 
consequently the gun can not be fired until released by both. 

During the upward rotation of the crank the lock is moved to the 
front ana when the latter is in its forward position the crank pin lifts 
the safety sear, thereby disengaging it from the firing pin, which then 
moves slightly forward till stopped by the notch of the tumbler 
engaging the point of the hand sear. If now the trigger push (83) is 
pressed forward, the trigger bar (82) is drawn backward, at the same 
time a projection on the latter engages and draws with it the tail end 
of the hand sear, thereby disengaging the tumbler and permitting the 
I lock spring to propel the firing pin onto the cap. If automatic fire is 
I desired the trigger push (83) is held forward so that when the lock 
I moves forward the lower end of the hand sear comes in contact with 
I the projection on the trigger bar, and its point is thus prevented from 
engaging the notch in the tumbler; the firing pin is therefore held 
■only by the safety sear, and when the latter is lifted by the crank pin 
it is released and thrown forward onto the cap by the action of the lock 
spring. The release of the safet}" sear from the firing pin is so timed 
that it can not take place until the lock is in the firing position. 

«)ESCRIPTI0N OF VICKERS SONS & MAXIM STANDARD PATTERN AUTOMATIC MACHINE 
r GUN. 

t . . 

I This gun is shown on Plate 9. Figure 1 is an elevation and Figure 
|2 a longitudinal cross-section of the gun. Figure 3, of Plate 10, is an 
lelevation and Figure 4 a cross-section of the lock, recoil plates, crank, 
^barrel, ejector tube, etc. Figure 6 is a cross-section and Figure 6 a 

Ian of the feed block. 

The gun submitted for test differs from that shown on Plate 9 in 
|khat the muzzle attachment is much larger in diameter, and a disk is 

ttached to the front end of the barrel in order to increase the energy 

f recoil of the recoiling parts. 
The recoiling parts of the gun consist principally of the barrel, recoil 

lates, crank, crank lever, and lock. These parts are moved rear- 

E"^ ard, the crank rotated and the counter-recoil spring extended by the 
lergy of recoil imparted to the barrel by the powder pressure in tlie 
Ibore and also by the reaction of the powder gases after they leave the 
5K)re upon the disk attached to the front end of the barrel. Thcvse 
fparts are moved forward and the crank rotated into their firing posi- 
tion by the counter-recoil spring. 
The numbers of the parts correspond with those on the drawings. 

NONRECOILING PARTS. 

The water jacket (97) is of steel, holding 12 pints of water to keep 
the barrel cool when firing; it has three openings, one on the upper 
right side near the breech for filling (92), one underneath near the 
muzzle for drawing off the water (91), and the third (105), also near 
jthe muzzle, for allowing the steam to escape. The first two are 
Jblosed with screwed plugs (91 and 92), the last is connected with the 
iBteam tube and is closed with a rubber plug (105). To prevent the 
Ibscape of water there is at the forward end of the water jacket asbestos 
jpacking, which is held in position round the barrel by the rear portion 
<ot the muzzle attachment, which acts as a packing gland. At the rear 
end of the barrel there is a cannelure (38), also filled with asbestos 
|>acking, which prevents water leaking into the mechanism. 

WAR 1904— VOL 10 9 
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The rubber plug is provided to prevent waste of water when the gun 
is traveling. 

Under the water jacket is the ejector tube (33), through which the 
empty cartridge shells are ejectea from the gun. The tube is fitted 
with a spring (34) which prevents these shells falling backward into 
the gun when tiring. 

The steam tube is titted in the water jacket above the barrel, and is 
secured in its proper position by means of a keeper screw (98) and 
lock screw (90) in tne front fac^e of the water jacket; it consists of two 
tubes, one fixed (89), having a hole near each end, the other (96) 
arranged to slide freely outside of it and termed the slide valve. If 
the gun is fired at an elevation, this valve slides backward, and, clos- 
ing up the hole at rear end of tube, prevents water entering; at the 
same time it leaves the front hole uncovered, which, being above 
the water level, allows the steam to enter the fixed tube and to escape 
through a hole bored in the solid jmrt of the front end of the water 
jacket, with which the tube is connected. Similarly, if the gun is fired 
at a depression the valve slides forward, uncovers the rear hole and 
allows the steam, but not the water, to escape. 

The breech casing consists of two outside plates (55), a bottom plate 
(53), and the rear end (46), the whole l)eing closed by a cover (40). 

The outside plates are dovetailed into the water jacket, and together 
with the cover are secured by moans of a cover joint pin (39). In 
both plates are slots (79) in which the crank bearings (78) move, 
partly closed by filling-in pieces (56); on the inside of both are solid 
cams which control the path of the carrier (19). On the outside of the 
right-hand plate there arc the following fittings, viz: A roller (58) and 
check lever (59), both of which pivot on a stud on the right filling-in 
piece. The check lever (59) is Kept in position by the roller (58>, 
which, in turn is secured by a collar and split pin. On the outside 
of the left-hand plate are three studs for holding the counter-recoil 
box, the rear one being on the left tilling-in piece. 

The bottom plate is riveted to the two outside plates; the two rear 
rivets being left of extm length inside to form a guide for the trigger 
bar. Along the VK)ttom lies the trigger bar (48), and underneath is a 
bracket (54) to which is attached the elevating gear by means of tlie 
elevating joint pin. 

The outside plates are connected at the rear end by the I'ear cross- 
piece (46) into which they both dovetail, and in addition there is passed 
through the outside plaU\s and rear cross-piece a split pin (82) which 
keeps the latter in position. This split pin has a T-shapea head to facili- 
tate its removal. The rear cross-piece is fitted with two hollow bandies 
for traversing, which are also used for carrying oil. In the center of 
the rear cross-piece a firing lever (47) is pivoted, the lower end of 
which is attached to the trigger bar, while the upper end is provided 
with a double button for firing and an automatic safety catch (50), 
which is so arranged that unless it is pressed down the firing lever 
can not be pushed forward. 

The cover (40) is fitted with a gun-metal block (43) having cams 
which insure the extractor (19) dropping on recoil; this block keeps 
the lock down when >>ack; at it« rear end there is a spring catch (44) 
to fasten the cover to the rear cross-piece. On the upper surface is 
the tangent sight, which Is graduated up to 3,000 yards. 
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The barrel (32) is coated with copper, to protect it from rust; the 
breech end is formed in the shape of a block which has a trunnion on 
each side, by which the barrel is attached to the recoil plates (31). 

The muzzle of the barrel projects through the front end of the 
water jacket into a muzzle attachment. This attachment consists of a 
steel cylinder, the rear end of which is screwed into the water jacket 
head and forms the front bearing for the barrel. The front end of 
this attachment has a hole slightly larger in diameter than the bullet, 
through which the latter passes. Its rear surface is concave, so that 
the powder gases impinging on it are deflected against the disk on the 
barrel, thereby increasing tne energy of recoil of the latter. Slots in 
the cylinder permit egress of the gases therefrom. 

The recoil plates (31) are each provided with a hole to receive the 
barrel trunnions, and also grooves m which the flanges of the lock move. 
In addition, each has a bearing through which the crank (27) passes, 
thus connecting the latter with the barrel. These bearings move in 
slots in the breech casing. The right recoil ^ate is fitted with an 
extractor holding-up spring near the barrel. The left recoil plate is 
prolonged to the front, and has a recess in which the lever (70) on the 
under side of the feed block engages. 

The crank (27> is fitted on the right with a handle (57), the lower 
surface of whicn bears on the roller (68) and is of a special curved 
form; on the left it is fitted with a fusee, to which are attached two 
links by which it is connected to the counter- recoil spring (63); the 
remainder of the crank is inside the breech casing, while in the center 
there is a connecting rod (26), which is free to turn on the crank-pin. 

On the left of breech casing there is the ox)unter-recoil spring (63), 
the rear end of which is connected with the crank; the front end is 
attached to the breech casing by means of the spring box (62) and 
adjusting screw (76). 

The lock consists of the following parts, viz, casing (1^, side levers 
(15), extractor (16), firing pin (6), safety sear (2), wim spring (3), 
tombler (6), extractor levers (11), trigger (8), and mainspring (10); 
also, axis pins for safety sear (4), side levers (16), tumbler (7), and 
trigger (9). The lock is attached to the connecting rod by a bayonet 
joint^ and when in the firing position closes the bi*eech, in which posi- 
tion it is held by the side levers, connecting rod, and crank. The Iw^k 
has a reciprocating motion communicated to it by the rotation of the 
ciHnk, and is kept in position during its backwam and forward move- 
ments by means of flanges working in grooves in the recoil plates. 

The extractor (16) is attached to the front end of the lock by guide 
ribs, upon which it has a vertical motion, and is fitted with extractor 
spring (24), gib (21), gib spring (22), and cover (23). The projections 
cm the extractor spring and gib, together with the cartridge grooves, 
form recesses which retain the cartridge in position. 

The extractor is moved upward by means of the side and extractor 
levers, and when in its highest position, is retained there by means of 
the extractor holding-up spring, which insures the hole for the firing 
pin being opposite the center of the primer when the lock is fully 
closed. The upward and downward movements of the extractor are 
regulated by the guide ribs and stops. 

The gun is supplied with cartridges from a belt which passes through 
the feed block (65) from right to left. This belt is formed by two 
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pieces of flax webbing connected together by eyelets and brass strips 
oetvveen adjacent cartridges; the projecting strips guide the belt 
through the feed block and prevent side motion of the belt in the 
araumnition box. The webbing is made thick at the edge next the 
bullets by being folded over a piece of cord, so that the cartridges may 
be kept parallel through the feed block and lie even in the ammuni- 
tion l)elt boxes. The feed block is provided with a slide (69) to which 
are attached two pawls (68) with a spring for the purpose of moving 
the cartridges from right to left; the slide (69) has a transverse motion 

fiven to it by means of a lever (70) which has two arms; the top arm 
as a slot which engages a stud on the slide, and on the lower arm is 
a stud which engages in a recess in the left recoil plate. Thus the slide 
is connected with the recoiling parts. There are also in the feed block 
two stationary pawls (67) retained in position by a spring; these pro- 
ject up under the belt and prevent it slipping backward while the top 
pawls are moving to the right to engage the next cartridge in the belt 
The feed block is provided with steel guides fitted above and below 
in the cartridge way; the upper guide is a spring having a rib which 
engages in the cannelure in the head of the cartridge, thereb}'^ insuring 
the cartridges coming to the exact position where they can be seized 
by the extractor; the cartridges are prevented from being pushed too 
far through to the left by means of the cartridge and DuUet stops, 
which are inside the feed block. 

The action of the mechanism is as follows: When the gun is fired 
the energy imparted to the recoiling parts by the powder gases causes 
them to move rearward. During this motion the crank handle is rotated 
to the front by the roller, which rotates the crank down and to the 
rear, thereby withdrawing the lock from the barrel and depressing 
the finger of the tumbler which retracts the firing pin until caught by 
the safety sear. During this motion of the lock the extractor first 
moves directly to the rear, carrying the empty shell and a cartridge 
from the belt, and when the latter is clear of the barrel the extractor 
is moved downward until the cartridge is opposite the chamber and 
the shell opposite the ejector tube. 

During the rearward motion of the recoiling parts and the rotation 
of the crank the counter-recoil spring is extended. The energy thus 
stored in the spring moves the recoiling parts forward and rotates the 
cmnk upward, thereby returning all parts to their firing positions. 
This rotation of the crank moves the lock forward and inserts the car- 
tridge in the chamber and the empty shell in the ejector tube. During 
the last part of this rotation the side levers cause the extractor levers 
to raise the extractor until caught by the holding-up spring. As the 
extractor rises it catches the cartridge in the belt, releases the empty 
shell, and the cartridge in the chaml^r slides over the gib and is held' 
with its primer opposite the firing-pin hole. 

During the downward rotation or the crank, the side levers bear on 
the tail end of the tumbler and rotate it on its axis and, as the point 
of the tumbler is engaged in a recess in the firing pin, force the 
latter to the rear, compressing the lock spring. AVnen the noteh of 
the tumbler has movea above the point of the trigger the latter is 
forced to engage with it b}' the action of the lock spring, and it thus 
holds the tumbler in the cocked |)osition. The continued motion of 
the tumbler carriers liack the firing pin until the safety sear engages 
in its noteh in the firing pin. The firing pin is thus prevented from 
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Dioving forward by both the safety sear and the tumbler, so that the 
liring pin can not move forward unless both are disengaged. 

During the last part of the upward motion of the crank, the rear 
eiwi of the side levers lift^s the safety sear, thereby disengaging it 
from the firing pin, which then moves slightly forward until stopped 
by the tumbler, the notch of which is engaged by the point of the 
trigger. If the upper end of the firing lever is now pressed forward, 
the trigger bar will be drawn rearward and the projection thereon will 
engage and draw with it the tail end of the trigger, thereby releasing 
the tumbler and allowing the lock spring to cause the firing pin to 
strike the primer. 

If the firing lever be kept pressed forward, the trigger bar will hold 
the trigger disengaged from the tumbler so that when the upward 
motion of the side levers causes the safety sear to release the firing 
pin the latter will, under the action of the lock spring, strike the 
primer. This is the action of the parts during automatic fire. This 
g-un is designed to fire automatically at the mte of 600 rounds per 
minute. 

The sides and bottom of each ammunition lx>x is made of i-inch and 
the ends and lid of f-inch oak. The lid has a brass hinge, spring catch, 
and counter-sunk handle. Elach box holds one belt containing 250 
cartridges. 

The loading machine (Plate 11) consists of a frame carrying a crank, 
by which a backward and forward motion is communicated to the loop- 
opener and the cartridge inserted. The former is flat and pointed and 
is inserted and rotated in the loop so as to open it for the cartridge. 
As the opener is withdrawn the cartridge inserter catches the lowest 
cartridge in the feed guide and inserts it in the loop. The feed guide 
is arranged so that cartridges packed in clips mav be stripped directly 
into it. A second feed guide is furnished, into which cartridges pa<;ked 
in paper boxes may be stripped. The belt passes around a roller on 
the underside of the frame, thence over the top of the latter, in which 
jt is secured by a gate. During the insertion of each cartridge in the 
loop a dog is retracted, which moves the belt so that the next loop is 
opposite the loop opener. The operating handle may }>e turnea in 
either direction. The machine can be clamped to a bench, empty car- 
tridge box, etc. 

The combined carriage and tripod (Plate 12) consists of a three- 
legged tripod and an axle and two wheels. The tripod can be attached 
to the axle. The tripod has three legs, made of steel tubing, attached 
to the pintle bracket; the rear leg is much longer and larger in diam- 
eter than the two front ones. The two front legs t4?rminate at the U)p 
in a flat bronze casting, slotted to receive the screw by which each is 
clamped to the pintle bracket; at the lower end of each in a circular 
shoe provided with a steel point. The rear leg terminat4*M at its lower 
end in a lunette containing a socket in which a wooden maneuver l>ar 
may be inserted, and the underside of which is flat and provided with 
a steel point The upper end of tliis leg is asstfmbled in the pintle 
bracket. The pintle bracket recei<'es the pintle siK^ket of the u/y car- 
riage and at its rear end faa^ a tnu^k of 58i inches and tires 2i uu'iies 
in width. 

The sleigh mount consij^ of two nUtal frames. The two side rails 
of the rear frame tenuiiiate at tbeir front e.udn in circles and their 
rear ends in circular shoes providi^d with nUtttl |x>intH. The upp<f r end 
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of the front fmme can }m turned around the axis of the circles on the 
rear fmme, and each side rail has a spring clamp which engages in 
slots in the circular pieces, thereby enabling the front fi*aine to l)e 
locked at any desired angle with or pamllel to the rear frame. The 
latter provision is made to enable two men to carry the mount and 
gun. An elevating arc is attached to each side rail of the rear frame. 
The front end of the top carriage is pivoted on the axle of the circular 
pieces and its rear end can be locked to the two elevating arcs. Near 
the center of the top carriage is pivoted a pintle, to which the gun is 
trunnioned, and to whrcdi is attached a small shield. At the rear end 
of the top carriage is an elevating screw having a small motion in 
azimuth. The two elevating arcs piiss through recesses in the top 
carriage and have notches in their rear faces. In rear of the ele- 
vating arc recesses in the top carriage are handles, each of which is 
provided with a spring catch which engages in the teeth on the elevat- 
ing arcs and locking the rear end of the top carriage thereto. The 
elevation is given roughly by means of the elevating arcs, final adjust- 
ment being made by tbe elevating screw. 

After the completion of the field tests the Vickers Sons & Maxim 
Company submitted a tripod mount (Plate 13), which consists of 
three legs, pintle bi*acket, and top carriage. The three legs are made 
of steel tubing, the two front being 1^ inches and the rear one 2 
inches in diameter. The lower ends of the front legs terminate in 
shoes, from each of which a steel point projects; each of their upper 
ends terminate in a flattened piece slotted to receive a t^lamp screw 
and provided with a cylindrical tit at it« upper end, which is inserted 
in a recess in the pintle bracket to prevent accidental rotation of the 
legs during firing. The rear end of the pintle bi-acket forms a traversing 
lug, on the top surface of which the rear end of the top carriage rests. 
This traversing lug contains a screw by which two clamps may be 
lockexl so as to either prevent an}' movement of the gun in azimath or 
to limit such motion within any desired angle obtainable with the 
device. The front end of the pintle bi'acket has a clip which engages 
over a lug on the top carriage. 

The top carriage is a single bronze casting having on top two trun- 
nion arms to i-eceive the gun, in its underside a pintle socket, and in 
front a clip lug. At its rear end is the traversing shoe and the slot 
in which the elevating-screw bmcket is pivoted. Ine elevating mech- 
anism consists of a double screw, the inner one l>eing pivoted in the 
lug on the underside of the gun, the outer one having a handwheel 
attached to its top and working in the elevating bracket. The eleva- 
ting bracket is a single casting pivoted in the top carriage, and its rear 
side is slotted and pi'ovided with a clamp screw. The axle is steel, 
the wheels have wooden spokes and felloes, and metal knave boxes. 
Each wheel is held on the axle by a linchpin and washer. The pintle 
bracket of the tripod is curved on its underside to fit the axle and is 
sex'ured to it by two pins. On the rear leg of the tripod is a metallic 
seat for the gunner. The wheels are 43i inches in aiameter, have a 
track of 41i inches, and tires li inches in width. 

The galloping carriage consists of a metallic frame assembled on a 
steel axle, and is provided with a pole and also a pair of shafts. The 
middle portion of the frame contains a seat in which the sleigh mounting 
is carri<Kl. On each side of this seat is a steel ammunition chest which 
holds seven ammunition l>oxes, or 1.750 rounds. The lids of these 
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chests are arranged so as to form shields. Attached to the frame is 
an axle-grease cai\, water tank, and two baskets for carrying empty 
belts, tools, etc. The wheels have wood felloes, spokes, and hubs, and 
each is secured to the axle by a linchpin and washer. The wheels are 
55 inches in diameter, have recess which receives a lug on the front 
of the pintle bracket when the two front legs are turned forward 
into the same plane with the rear one, for carrying the tripod and gun 
by hand. On the rear end of the rear leg is a casting, the bottom sur- 
face of which is flat to form a shoe, in which are two points to prevent 
slipping on the ground. The rear end of a metal seat is attached to 
the top surface of this casting. About 3 inches in front of this cast- 
ing, two handles are attachea to the leg by means of a band. The 
pintle bracket is a hollow bronze casting, in which the rear leg is 
inserted and riveted, and to which the front legs are attached by clamp 
screws, the inner ends of which are fixed in the bracket and the outei 
ends of which are provided with thumbscrews. The upper surface of 
the bracket terminates in a pintle, on which the top carnage moves in 
azimuth and to which it is assembled. Ii the rear of the pintle is a 
traversing lug, which carries a clamp screw and two clamps, by means 
of which the gun can be locked in azimuth or its oscillation in azimuth 
limited within H inches. A socket is attached to the rear leg, in rear 
of the pintle bracket, to receive a wooden handle-bar to enable six 
men to carry the gun and tripod. The top carriage is a single bronze 
casting, having a socket which receives the pintle and two arms in 
which the gun is trunnioned. On the undersiae of an arm projecting 
to the rear is a shoe which rests upon the traversing lug of the pintle 
bracket, and at the end of the arm is hinged the elevating mechanism. 
The elevating mechanism consists of a lower steel screw having a left- 
handed thread and of a top elevating screw of steel having a right- 
handed thread, which is attached to the lug on the underside of the 
gun casing. 

The nut is a bronze casting having 4 handles by which it can be 
turned; its ends are threaded to receive the two elevating screws. As 
the upper screw is hollow, the two screws can be run fully into the imt, 
the lower entering the upper one. The top end of the nut is provided 
with a brass clamp screw. The cleaning rod can be inserted through 
a hole in the front of the pintle bracket into the rear leg, and held 
therein by a strap attached to the pintle. 

3S356-54-Enc8. 1 and 2. 



PLATE I 



:-6. 




APPENDIX I, 1904 




{ 












':U *-^i- ^ 



*, i"l .♦ 



> *■ "^ :i '♦^ IT 






> 



;■ 



i 



I 



* 



J' 

t: 



^ 11 



J I 



I \ 



li 






Appendix II. 



JCESLSTANCE OFFERED BY VVPHO-NK'KEL BULLETS WHEN FORCED 

THROUGH BORE OF CALIBER .SO BARREL. 

(Splatt^s.) 
DESCKIITION OF TESTS. 

The tests were made with two .80-ciiliber rifle barrels of the service 
ma^zine rifle type, having a length of barrel of about 24 inches. The 
rifling of one Imrrel had a twist one turn in 10 inches; the other had a 
twist of one turn in 8 inches. 

Steel-jacketed bullets of i-inch, ii-inch, and ^-inch length of bearing 
surface, respectively, were forced through the bores of these two bar- 
rels successively in tne order reported l>elow. No lubricant was used 
excepting that which was on the bullets when lec ived for testing. 

For the purpose of facilitiiting the t(>sts a portion of the powder 
chamber oi each barrel was cut olf a short distance to the rear of the 
base of the bullet, which gave access to the bullet at the commencement 
of each round, whereby the forcing piston could be accurately centered. 
The annular spai'C which would exist along the base end of the bullet 
when the test l>egan was lilled ])v means of a bushing made from a 
cartridge case, which caitridge had been fired in another rifle and 
expancfed to the shape of the ])owder chamber. The late ml support 
thus given to the base end of the bullet was needed until the bullet had 
passed l)e3^ond the ordinary limits of the caitridge case and fully 
entered the bore. The •employment of a cartridge case as a bushing 
had the further advantage of jissimilating to the conditions of ordinar}^ 
firing. 

A device consisting of an antifriction screw and nut was tried as a 
buttress between the end of the forcing piston and the compression 
platform of the t(\sting machine. The pitch of the thread of this device 
nad an inclination very nearly to the angle of friction and in the 
opposite hand from the twist of the rifling. The function of this 
apparatus was to enable the piston to follow the roUition of the bullet, 
eliminating frictional resistance l>etvveen the forward end of the piston 
and the base of the bullet, and by so doing to avoid excess of pressure on 
the forcing side of the lands. The principle of this device, which had 
worked satisfactorily^ in the case of projectiles of larger caliber which 
were pulled through the l)ore, was not in the present instance found 
serviceable, owing to an unsteadiness of rotary movement of the screw 
in its nut, and the device was abandoned. The contact surfaces of 
the piston and bullet were lubricated as the best practical means of 
reducing the frictional resistjince in question. 

At the commencement of each round and series of observations a 
slow speed was used for the velocity of travel of the bullet, and the 
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resistance determined at frequent intervals until the bullet had passed 
beyond tbe sta^e of fully en<ragino- the rilling. After this the v<»l<K*ity 
of travel was incnMised, attaining for a considerable time of the testing' 
a velocity of .O.So foot per minute. 

Four pistons were used, of different lengths, beginning with tho 
shortest and passing to the longer ones as the stroke of each wa^ 
exhausted. The nssistance of the bullets was such that an unsuppoiltd 
piston of adecjuate length to begin and complete a test with would not 
])resent sulticient strength against lateral deflection and would buckle 
under the pressure. When a new" piston was employed a slower 
velocity was temporarily used. 

All considerations duly weighed, it did not appear that the fric- 
tional resistance* of the bullets was materially affected b}^ the different 
velocities used in the present tests. There were fluctuations in resist- 
ance shown, which were thought to have their origin in other causes 
w hich pertain to the condition of the surfaces of the bullets after they 
had passed through a ])ortion of the barrel. The bullets in genei-al 
displayed ai)raded bearing surfaces at the close of the test, and it wa> 
noticeai)le that bullets which were the least abi-aded gave curves of 
lower resistance. 

The condition of the bores of the barrels could not be accurately 
judged of, but to all ap])earances thev remained in good condition. 
If th<\v were mat^Mially scored by the passage of the bullets, the 
brightness of the bore obscured the detection of such effect. 

The fourth test of each barrel was made with a bullet of J-ineh l)ear 
ing surface, duplicating the first test, for the purpose of comparing the 
resistance of the same type of bullet initially and at a subsequent 
period. 

It will be observed, in contradiction to the l>ehavior of earlier tests 
(see Kei)oit of Tests of Metals. 1S90) on the resistance of copixT- 
bandied pi'ojectiles in the bonvs of guns of larger caliber that the 
maxiuuun resistance of th(\se bullets was not geneiniUy reached in the 
early stages of the test. The period during which the bullets were 
being fully engaged in the rifling was not chai*acterized by greater 
n\sistance than wasencounttM-ed at later periods in their passage along 
the bore. This behavior is thought to residt from abrasion of the steel 
jacket increasing in dc^gree during the travel of the bullet. Removal 
of th(» surface m(»tal of the jacket after its initial displacement by the 
lands through abrasive influences would tend to relieve frictional 
resistance, but prior to such a condition the increasing roughness of 
the surface of the bullet would ])romote the display^ of nicreased 
resistance. Th(» ditterenc^e between the frictional resistance of the 
bullet from a state of rest and while in motion, observed at the time 
of changing pistons, showed in general diminished resistance when the 
bullet was again put into motion. This would apjwar to be accounted 
for, to SOUK* extent at h'ast, bv the flow of the lead in the bullet 
during the* interval between pressures partially relieving the jacket of 
the lateral thrust of the lead for the time being. 

Kxc(»ptional resistance was shown bv the bullet in test No. 4, which 
was allowed to remain in the l>arn*l a/t(»r 19 inches of travel for an 
interval of seventeen hours, which increased resistance was attributed 
to the severely abraded surface* of the bullet. 

The forcing side of the lands <listurbc(l the metal of the jacket to a 
greater extent than the opposite side. The abmded metal was more 
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I!t7 



inpe<1 under the lands, hiit the ^noral hearing siirfiwv of tW 

illets "IiowcLi al.ri-i ' «hre*st the lands and iho jjnwviis. in 

varying; *i.ejrre« in tbe different tests. 

Tests wire iimfie iir , i (if attiMit 1 fiM>t per minute, in 

wliieii Wst the ntaxin : n -i-- iri J ■[»■ wu~ drterniined, the »mlv 
J f^Mervation f«isil»lf i-i luak.- iit tlii,- >i>e«l of travel. The hi|Httv«l 
Kesistances of the tests n^-n- di-^pUyed at ihi-* time, hnt for epAMmM 
4bove mentioned these n-^ulls were Htlrilxtt^vl more dii^'tlv to the 
ModiCion of the surfoces than to change in re loeity. 



(«UlD« ot bMIfl: TwW M 



n 10 Incbes. Ballfl with b(«i1n( Mirlan in 



.OM 
.000 


1 « M 


,017 


1 « 00 


.WB 


1 4G 00 


oi; 


1 K in 


-on 


1 17 00 
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No. 2. — ReMidaiK'e of sted-jarkrtcd Imllet when forced through the ftore of a .SO^alifter rifle 

barrel. 



[Riflinn: of barrel : TwiKt one turn in 10 inches. Bullet with bearing Hurface three-eighths inch long.] 



ReiKist- 
anee. 

Pounds. 


DiHtance 

bulU't 
traveled. 

Inches. 


Velocity 

i>er 
minute. 


Time of 
observations. 


Remarks. 


Foot. 


h. TO. 0. 







0. 


0. 


10 61 00 




42 
86 
130 
196 
278 
342 


.05 
.10 
.15 
.20 
.25 
.80 








********** 
















'"'".'668" 


"i6'"5i '66" 


422 
6(M 
586 
665 
760 
830 
862 


.35 
.40 
.45 
.50 
.55 
.60 
.65 
















.....*%.... 












"".ixn" 


"i6"58 "66"' 


874 
875 
825 
812 


.70 
.75 
.80 
.90 
















".oio" 


"ii" "66" "66" 


782 
780 
776 


1.00 
1.10 
1.20 












" ".025 '" 


**ii "6i""66"" 


755 
792 


1.30 
1.50 








"".m" 


"■ii""63""66"" 


808 


1.80 


.017 


11 04 80 




922 


2.00 


.011 


11 06 00 




956 


2.20 


.038 


11 06 30 




1.008 


2.50 


.025 


11 07 80 




916 

% 898 


2.80 
3.00 








' ".042* 


""ii"*68""86" 


783 


3.50 


.028 


11 10 00 




750 


4.00 


.042 


11 11 00 




770 


5.00 


.042 


11 13 00 


Changed pistons. 


737 
916 


5.05 
6.00 




11 21 00 
11 23 00 




""'".'646'* 


978 


7.00 


.056 


11 24 80 




998 


8.00 


.088 


11 26 80 




970 


9.00 


.067 


11 26 46 




948 


10.00 


.067 


11 28 00 




952 


11.00 


.083 


11 29 00 


Changed pistons. 


953 
912 


11.08 
12.00 




11 86 00 
11 87 00 




'""".68i " 


890 


13.00 


.111 


11 87 46 




861 


14.00 


.111 


11 88 80 




832 


15.00 


.063 


11 39 80 




850 


16.00 


.111 


11 40 16 




852 


17.00 


.111 


11 41 00 




846 


18.00 


.167 


11 41 30 




838 


19.00 


.083 


11 42 80 


Changed pistons. 


944 
905 


19.01 
19.06 




11 51 00 
11 62 30 




'".662*" 


899 


ao.oo 


.045 


11 64 15 




990 


21.00 


.048 


11 66 00 




900 
820 
640 
490 
200 


21.20 
21.30 
21.40 
21.50 
21.70 1 












'...'.'.'.'.'.'.J 




1 
1 
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Hou 3. — Besukmce of a tUd-jackHed bullet when forred thnmgh the ftore of a .SO~caliher rifle 

barret. 



«f barvel: Twirtoiie torn in 10 inches. Bullet with hoarlnf^ MirfHCc nnc-hulf inch long.] 



RMillt- 

ance. 


DiiitAnce 

Irailet 
traveled. 


Velocity 

per 
minute. 


Time of o»)- 
Hervations. 

h. fn. f. 


RemarkM. 


PowuU. 


Incket. 


thai. 





0. 


0. 


1 06 00 




97 
1^4 
1S4 
282 
275 
S28 
884 
480 


.05 
.10 
.15 
.20 
.25 
.80 
.85 
.40 
.45 








i 


•••••••*•*! ........ 


.........X.. . 

..........1 




1 


;;;;;;;;;t;;;;;;;;;;;;; 




" ".ooe" 


1 12 00 


496 

bs» 

656 
756 
786 
806 
800 


.60 
.55 
.60 
.65 
.70 
.75 
.80 








!!!!!!!!]!'--------- 

















'".'668 ■ 


1 15 30 


720 


.90 


.011 


1 16 15 




6118 


1.00 


.017 


1 16 45 




710 
734 


1.10 
1.20 








'"".oio" 


i i8 30 


738 


1.30 


.017 


1 19 00 




780 


1.50 


.022 


1 19 45 




826 


1.80 


.02.'> 


1 20 AT) 




880 


2.00 


.033 


1 21 15 




876 


2.20 


.033 


1 21 45 




964 


2.50 


.033 


1 22 30 




876 


3.00 


.042 


1 23 30 


* 


816 


8.50 


.042 


1 21 30 




706 


4.00 


.056 


1 25 15 




730 


5.00 


.WH 


1 27 00 


rhanjced pintonit. 


690 
7M 


5.02 
5.05 




1 33 00 
1 34 00 




' ".*66:V' 


852 


6.00 


.02»> 


1 37 00 




1,024 


7.00 


.056 


1 3K 30 




1,060 


7.K) 








990 


8.00 


" '.656 " 


"i "46 "66 " 




998 


9.00 


.067 


1 41 15 




1,000 


laoo 


.067 


1 42 30 




1,096 


11.00 


.083 


1 43 30 


(■hanged pintonn. 


982 
1.060 
1,020 


11.05 
11.70 
12.00 




1 56 00 






" ".'6i6' 


"i"58"66** 


940 


18.00 


.083 


1 59 00 




845 


14.00 


.083 


2 00 00 




825 


15.00 


.083 


2 01 00 




848 


16.00 


.083 


2 02 00 




884 


17.00 


.083 


2 03 00 




910 


18.00 


.0K8 


2 (M 00 




946 


19.00 


.083 


2 05 00 


Changed piitonn. 


980 
915 


19.02 
19.05 




2 16 00 
2 16 30 




"".'665 " 


1,040 


20.00 


.158 


2 17 00 




1,020 


21.00 


.083 


2 13 00 




700 


21.40 
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(RlBlngof buicl: Twietone turn In lOinchsa. Bulted 



d through the bore ofn .SO-folihfT r<f.. 
1> tmring nulBce onc'lDUnh tneb \tmf.\ 



•SS: 


iTSTelfd. 


VeLoeHy 


Time ol ..b- 
»erv«tlon«. 


^^ 


PnH«d». 


/Ri-AfJ. 


Font. 


A. «, ^ 
















!io 




















:aa 










.» 


.007 


"j 'woo" 
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.» 












!«) 


::.'::.'.:. :::::::::;:::: 




MS 


-46 
.SO 


,006 


8 17 00 




""VOK 






!m 








778 




.007 


"i'ii'ib' 




T9S 


'.K 












712 














.....„„. 






.DO 














"a'ii'ii" 




7M 


iso 


.017 


3 22 15 




7W 


.30 


.083 








.,w 


.022 


3 Zi< IR 






NO 


.0.10 


8 » lA 




96« 


100 


.KB 


8 S.'i OD 






.20 














B IS IS 




«0 


00 








— ;^- 


"'i'v'ia' 




also 


.on 






MO 


1.D0 

A. 00 




8 30 sn 


Chuised ptMon.. 


ffis 


S.01 

5.0fi 




8 38 00 




"".oce" 


,080 


fi.oo 




3 U 30 




,(D6 


7.O0 




S 43 OO 






8.00 


ioga 








O.OD 










10.00 


ins 


3 46 00 




'.Ut 


11.00 


.083 


S 47 00 


CI»Df«dpWoiu. 


.OKI 


1 .«• 




3 SS 00 




,l«0 


1 .80 
12.00 








"'""oss' 


"'i"f*"ib' 


,310 


12.80 








.lU 


ivoo 


**".*ois' 


'"s'm'oo" 






M.0O 


.088 


S W DO 




;i97 


IS. 00 




a so ao 




,155 


IS, 00 




t oo It, 




.ISa 


17.00 


!aB3 






i.aoo 


IS. 00 

i».oo 


.111 
osa 


4 02 DO 
4 09 00 




Siilletr 






houn.of(er 




oh 






pICtF<l. 




i.a» 


19,01 










:oM 
















lorn 


loioo 








IB. in 






.MO 


2o!aa 










90.30 






■flS 


W.H) 

10. m 
















ilooo 


2i!w 






TOO 








too 










•>zi!m 
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{Rtnida m buni: TirlM M» ton Id 10 liirba.] 


Jio.al 


,5^2£t. '""'■' "^ ' Rpnart*. 


S 


1 I.W) l.»0 pnoiids rainanrc DDIil bollM 

1 dnrUw lh< p^H^or &>e bollfU 
1 ■■ 1 toni prr nloote *« lodrr 



nches. Ballet villi bnhi 



Radtt- 

■nce. 


tmrelrf- 


i's 


"Ti 


Reieukv 





/nrVl- 


0. 


4. n. (. 
U M 00 




5« 


!«> 








«* 


:» 












■.m" 


"ii'MBo" 




.IS 










.» 








g 


.31 


'."'.'..'.'." 










TBI 


.16 


"".oio" 


"'i"o6 "00" 




SW 










8R 


'.» 








IM 


.ta 


"liW 


"i "oi "is"' 




BH 














W» 




" ".oio" 


1 01 30 




MO 


.to 








838 




■ ".oU ■ 


" : "os'jo" 




T§0 






04 15 




5M 


lilO 


'.oil 


M th 




TM 






06 W 




I8S 

838 


I'm 


oia 


oe 00 




MS 


iIbo 


:«» 


08 00 








.023 


OS vi 








.aa 






S25 




.tab 






806 


3.W 


.083 


11 IS 








!0M 


13 no 




'oa 


5.00 


.oea 


11 00 


Ch«OgOd plUODL 


MO 










«n 


itS 


'" .'663" 


1 2t 110 
I 26 00 




7B0 


7,00 


iffiS 


I 37 00 




167 




.OGS 


1 1» 00 




BM 




.083 


1 w 00 




J77 


lolcn 


.063 


I w 00 




T87 


11.00 


.083 


1 31 00 


Changed plrtoD*. 


040, 

«0 


'.oi 




1 30 00 












:m 








665 


,oe 








ees 










66B 


!io 


'""M" 


] U 30 








.OK 


1 42 80 










1 4S 00 






3:00 




1 « 00 




83.1 




.083 


1 46 00 




660 


lVoo 


.0*3 


1 M 00 




6M 


0.00 




1 47 00 




MX 


7,00 




i 48 00 




6W 


IS. 00 


.va 


1 40 00 




M8 


IS. 00 


.DB3 


1 50 00 


Cbinged plnoni. 
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Nf». 5. — Rfi^iytance of Mevl-jacleied htUiet wheii forced through the h*tre of a .SO-^xUi^trr rifi 

barrel — Continueti. 



Resist- 


Distance 
bullet 


ance. 


travelecl. 


Pounds. 


Inchts. 


485 


19.01 


582 


19.02 


576 


19.03 


578 


19. (M 


578 


19.05 


586 


19.10 


102 


19. 20 


628 


20.00 1 


625 


21.00 


350 


21.50 



Velocity 

per 
minute. 

F<H)t. 


1 Time of 
' ol>scrvati()ns. 

h. m. «. 
1 2 08 SO 




1 




' 


0.001 
.017 
.008 
.033 
.056 


2 11 16 
' 2 11 30 
1 2 12 30 
' 2 11 30 

1 2 16 00 







Remarks. 



No. 6. — ReitiMaiire of Meel'jacketfd bullet when f (treed through the bore of a ..iO-^*aliher rifi 

Uirrel. 

[Rifling of Imrrel: TwLst one turn in 8 inches. Bullet with boarint^ surface threc-eiKhths inch Ionic. 



Resist- 
ance. 

I*oun<l«. 


I>ist4ince 

bullet 
traveled. 

Inchett. 


Veloi»ity 

per 
minute. 

Foot. 


Time of 
observations. 


Remarks. 

1 


h. m. 8. 







0. 


0. 


2 40 00 




92 
152 
232 


.05 
.10 
.15 
.20 
















.004 


2 43 45 


302 
870 
447 

525 


.25 
.30 
.35 
.40 

















.008 


2 46 45 


623 


.45 


.006 


2 46 30 




700 


.50 


.008 


2 47 00 




812 


.55 


.008 


2 47 30 




894 


.60 


.008 


2 48 00 




925 
942 


.65 
.70 








.008 


2 49 00 


966 
922 


.75 
.80 








.011 


2 49 45 


861 


.90 


.011 


2 50 30 




838 


1.00 


.011 


2 51 15 




812 


1.10 


.017 


2 51 45 




806 


1.20 


.017 


2 52 15 




814 
828 


1.30 
1.50 








.025 


2 53 15 


874 


1.80 


.033 


2 M 00 




920 


2,00 


.033 


2 54 30 




942 


2.20 


.033 


2 55 00 




947 


2.50 


.050 


2 56 30 




954 


3.00 


.056 


2 56 15 




984 


3.50 


.056 


2 57 00 




1,000 


4.00 


.083 


2 57 30 




1,068 


5.00 


.067 


2 58 45 


Changed pistonn. 


920 

956 

1,049 


5.01 
5.05 
6.00 




3 03 30 






.066 


3 04 45 


1,095 


7.00 


.067 


3 06 00 




1,113 


8.00 


.067 


3 07 15 




1,152 


9.00 


.083 


3 08 15 




1,126 


10.00 


.083 


3 09 15 




1.146 


11.00 


.083 


3 10 15 


Changed pistons. 


1,135 
1,100 


11.01 
11.05 




3 18 30 
3 '20 00 




.002 


1,295 


11.60 


.038 


3 21 00 




1,300 


12.00 


.056 


3 21 45 




1.126 


13.00 


.056 


3 '23 15 




1.083 


14.00 


.067 


3 24 30 




1,100 


16.00 


.083 


3 25 90 




1,106 


16.00 


.067 


3 '26 46 




1,218 


17.00 


.083 


3 27 45 




1,285 


18.00 


.083 


3 '28 46 




1,248 


19.00 


.083 


3 29 45 


Changed pistons. 


900 
1,200 


19.01 
19. OS 




3 36 30 






1.132 


19.06 








1,146 


20.00 


.028 


3 TO 30 




1,125 


21.00 


.OKi 


3 40 30 




640 


21 . 50 
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No. 7. — Resistance of sleel-jackeied huUet when forced through Ihe bore of a .SO-ccdiher rifle 

barrel. 

[Rifling of barrel: Twist one turn in 8 inches. Bullet with bearing surface one-half inch long.] 



Resist- 
ance. 


Distance 

bullet 
traveled. 


Velocity 

per 
minute. 


Time of ob- 
servations. 


Remarks. 


Pounds. 


Inches. 


Foot. 


h. m. M. 







0. 


0. 


9 14 00 




38 
60 
102 
152 
196 
256 
314 
376 
446 
520 


.06 
.10 
.15 
.20 
.25 
.30 
.35 
.40 
.16 
.50 








































"".ooe" 


*"9"'2i"36" 


592 
662 
710 


.65 
.60 
.65 












*.'666*' 


"9* '23' "45 * 


748 
753 


.70 
.75 








'"".m" 


'9 24* 36" 


767 


.80 


.008 


9 25 00 




766 


.90 


.011 


9 25 46 




762 


1.00 


.017 


9 '26 16 




724 


1.10 


.033 


9 20 30 




702 


1.20 


.017 


9 27 00 




706 


1.30 


.017 


9 27 30 




761 


1.60 


.022 


9 28 15 




802 


1.80 


.025 


9 29 15 




8M 


2.00 


.067 


9 29 30 




859 


2.20 


.022 


9 30 15 




884 


2.50 


.060 


9 30 45 




930 


3.00 


.012 


9 31 45 




926 


3.50 


.056 


9 32 30 




966 


4.00 


.056 


9 83 15 




1.013 


6.00 


.083 


9 84 15 


Changed pistons. 


800 
895 
896 
898 
898 
740 


6.01 
6.02 
5.05 
5.04 
5.06 
5.10 




9 41 45 


















"".oob" 


"9 "44""36'" 


1,052 


6.00 


.075 


9 ^5 30 




1,106 


7.00 


.067 


9 46 46 




1,156 


8.00 


.083 


9 47 46 




1,182 


9.00 


.083 


9 48 45 . 




1,115 


10.00 


.083 


9 49 45 




1,077 


11.00 






Changed pistons. 






985 
975 
981 


11.01 
11.03 
11.06 




9 66 15 






" "'.662 ' 


'9"'58"i6'" 


1,022 


11.10 


.008 


9 69 30 




1,080 


12.00 


.030 


10 02 00 




1,112 


13.00 


.067 


10 03 15 




1.156 


14.00 


.088 


10 M 15 




1,198 


15.00 


.083 


10 05 15 




1.142 


16.00 


.083 


10 06 15 




1.140 


17.00 


.083 


10 07 15 




1,042 


18.00 


.083 


10 08 15 




1.052 


19.00 


.068 


10 09 15 


Changed pistons. 


700 
970 

968 


19.01 
19.03 
19.06 




10 14 15 






'"".'66i" 


"i6"i6"86'* 


982 


19.10 


.008 


10 17 00 




998 


20.00 


.060 


10 18 15 




1,050 


21.00 


.167 


10 18 45 
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No. 8. — Resistance of steel-jacketed bullet when forced through the bore of a .SO-calihrr rifle 

barrel. 

[Rifling of barrel: Twist one turn in 8 inches. Bullet with bearing surface one-fourth inch long.] 



Resist- 
ance. 


Distance 

bullet 
traveled. 


Velocity 

I»er 
minute. 

Fwt. 


Time of ob- 
servations. 


Remarks. 


Poundt. 


Jnchetf. 


h. 


m. 8. 







0. 


0. 


11 


09 30 


• 


62 
86 
144 
212 
282 
387 
502 
690 


.05 
.10 
.16 
.20 
.26 
.30 
.35 
.40 
















• ••*.••. ..I.. — . — — 


!!!!!.!!!!'! 






.......... 






.005 


"li" 


'i6''i5' 


670 

781 
880 


.45 
.50 

.55 















• 


'"'.'667" 


"ii' 


"iA'oo ' 


910 
925 
938 

908 
869 
855 
830 

800 


.60 
.(i6 
.70 
.75 
.80 
.90 
1.00 
1.20 










.......... 








' 




.......... 












"".'mi' 


ii 


'22 "66"* 


795 
740 


1.30 
1.50 










' "".oi?" 


"ii" 


'is "36" 


724 


1.80 


.020 


n 


24 46 




708 


2.00 


.022 


11 


25 30 




718 


2.20 


.017 


11 


26 .W 




732 


2.80 


.020 


11 


27 45 




746 


3.00 


.0)6 


11 


28 30 




770 


3.50 


.021 


11 


30 30 




800 


4.00 


.042 


11 


31 30 




810 


5.00 


.066 


11 


33 00 


(■hanged pistons. 


7-20 
723 
725 


6.01 
5.03 
6.05 




11 


40 30 






""'.'662" 


..... 


'42*36 " 


788 


6.00 


.023 


11 


46 00 




815 


7.00 


.067 


11 


47 15 




a50 


8.00 


.083 


11 


48 16 




900 


9.00 


.iXHi 


♦1 


49 16 




918 


10.00 


.083 


60 15 




939 


11.00 


.083 


11 


51 15 


Changed pistons. 


760 

786 
784 
860 


11.01 
11.08 
11.05 
12.00 




11 


56 30 








"".028"" 


11 


59 30 


814 


13.00 


.083 


12 


00 30 




786 


14.00 


.0S3 


12 


01 30 




795 


15.00 


.083 


12 


02 30 




818 


16.00 


.063 


12 


03 90 




J<66 


17.00 


.083 


12 


04 30 




882 


18.00 


.083 


12 


as 80 




822 


19.00 


.083 


12 


06 30 


Changed pistons. 
RestCHd I hour and 6 






















minutes. 


430 
800 
740 
732 


19.01 
19.03 
19.05 
20.00 




1 


12 30 




....... 








"".m" 


..... 


*i6**36'* 


740 


21.00 


.083 


1 


17 30 
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Ttifln on the maximum ret^isiance of huUeis forced through the hnrrel at a speed of about 1 

foot j)er mimUe.* 

[Rifling of barrel: Twist one turn in 8 inches.] 



No. of 


Bearing 


Maximum 


Remarks. 


tept. 


of bullet. 


reai^tanee. 




Inch. 


Pound*. 




10689 


1 


890 




10660 


i 


1.450 




10661 


1 


1,800 




10662 


i 


1.220 




10663 


1 


1,680 




10664 


1 


1.640 




Additional tests with bar- 




rel having a twist of one 




turn in 10 inchej<. 




10665 


i 


1.000 




10666 


f 


1.550 




10667 


i 


2.020 




10668 


1 

4 


1.300 





Correct. 

J. E. Howard. 
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Appendix III. 



TEST OF DIFFERENT WIDTHS OF TIRES WITH SIEGE ARTILLERY 

CARRIAGES. 

(23 plates.) 

Office of the Chief of Ordnance, 

WashingUyn^ Jannary ^J, 19(y2, 

Sir: 1. In view of the recent recommendation of the board of artil- 
lery officers convened for the purpose of considering and reporting 
u[>on the equipment of batteries of siege artillery (O. O. 34473 — inclos- 
ure 1, copy of which was sent you January 13, 1902), that the wheels 
of siege carriages and limbers should have tires 5 inches wide, and 
with a view to determining the relative merits of tires of the present 
width and those recommended, you are instructed to equip a 7-inch 
siege howitzer carriage and limber, with wheels having tires 5 inches 
wide, and to make road tests with the carriage thus equipped and one 
equipped with the present service wheels, using the tractograph for 
recording the tractive force required under various conditions of soil. 

2. It is desired that all details of the test be included in a report, 
together with the increased weight of the wheels recommended over 
those now in service. This test should be undertaken and completed 
as early as practicable. 

3. The office of public road inquiries. Department of Agriculture, 
have made tests with a view to the determination of the pioper value 
of wide tires, and it is suggested that by corresponding with that office 
you may be able to obtain valuable preliminary information concern- 
ing the tests which you are about to undertake. 

Respectfully, 

William Crozier, 
Brig, Gen.^ Chief of Ordnance. 
The Commanding Officer, 

Sock Island Arsenal. 



In compliance with the foregoing instructions, a board composed of 
Maj. D. M. Taylor, Capt. T. C. Dickson, and Capt. L. M. Fuller was 
convened and the following programme was outlined, viz: 

That 5-inch tires and tires of service width be tested on (1) macadam, 
(2) cla}" or hard countrv, (3) sand or dirt, (4) shallow mud, and (5) 
deep mud roads. The Seep mud test was to be such that two hors<?s 
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could not move tlio equipment uiul that four could onl}' do so with an 
effort. Iiiusmuch us tho JKHtor classes of roads are .seldom met with 
in actual camimi^n, and as it matters hut little what kind of tires are 
used on these roads, it was proposed that the result obtained from ea(*h 
class of road be ^iven a relative value by which it should lie multiplied, 
the totals thus obtained for each width of tire over variouH roads to 
determine the desii*al>le width for adoption. It wa8 suggested that 
roads of the (1) class be j^iven a multiplier of 1; of the (2) class, ^; of 
the (3) class, 3; of the (4) (»hiss, 4, and of the (5) class, 10. . It is possible 
that the deep mud rojuls shoulcl have Immmi given a higher rating, for 
while but a small proportion of the roads may be deep mud, the real 
question of military importance was, which cla.ss of roads would cause 
tne greatest delay to military operations. 

It was also proposed that supplementary tests be made, upon the 
conclusion of those al)ove described, to determine if it l>e possible to 
reduce the tractive effort in deep mud by the addition of side platea 
to the wheels, or by other means that would secure the same re.sult& 
These tests were not to be underbiken in connection witli the com- 
petitive tests, but merely for the information to be derived therefrom. 

Due to the relief of Captain Dickson from duty at the Roi'k Island 
Arsenal, Lieut. K. D. Bricker was detailed for duty on the hoard in 
his stead, and the following reports were submitted, viz: 

The 5-inch wheels were rexieived al>out the middle of July and the 
tests were !>egun as soon as they were fitted to the carriage and limber. 

The ti-actographs used in these first tests are constructed as follows: 

A worm is fitted to the hub of the liml>er and engaj^es in a worm 
wheel at the end of a shaft, at the other end of which is a bevel gear. 
This bevel gear engages in another bevel gear on a shaft at right angle8 
to the tirst and by means of a second set of bevel gears transmits the 
motion of revolution of the linil)er wheel to one of two cylinders on 
which is wound the ])aper tliat takes the rec*ord. The second oy Under 
is connected with the hrst !>y a belt, whitrh serves to keep the paper 
stretched. Itetween the two cvlinders is a tjible whi<*h is afwavs under 
that part of the {mper on whicli the record is InMiig made and burnishes 
a smooth surface for the pencil points to move uiK>n. 

The doubletree is attached to a blo<*k with a collar passing around 
the jxjie. This block l)ears against two spimi springs, the otiier ends 
of wliich l)ear agtiinst a plate rigidly fastened to the jK)le. Attached 
to this block is a small arm which holds a pencil directlj' over the 
pai)er on which the record is to be made. This i)encil is constantly 
])ressed against the pajier by means of a small spiral spring, but so 
arranged that it can be raised slightly and held above the paper hv 
means of a screw when no record is being made. A second pencil, simi- 
larly arnuiged, exce])t that it is not connected with the doubletree, 
serves to mark the line of origins on the record. This pencil ij* 
adjusted l)efore starting, so that its ]K)int is on a line with the point of 
the tirst pencil. 

The tmctogniph is so geared that in one turn of the limber wheel 
the imiM^r will move 0.276 of an inch, or 1 inch on the record corre- 
s|)onds to 5s.r) feet of tmvel of the limber. 

The record is made as follows: The pull of the horses is transmitted 
directly to the doubletree and from thence to the arm carrying the 
|>encil. The distance from the origin line to the iK)int of the pencil 
at any time is the distance through which the spiral springs have becD 
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mpressed at that same time. The paper which is movinor under the 
>int of the pencil at the same time makes the record in the form of 
eanre the ordinate of which at any point measures the correspond- 
g compression of the springs. 

A photograph of the hrst tractograph used (PI. 1) gives a clear idea 
' its method of attachment to the limber. 

The first tests were made on August 7, 19(>2, two c»arriages and 
nbers being used, one eciuipped with service wheels, the other with 
e wheels with 5-inch tires. Each lim>)er had ib« own tractograph, 
id each carriage and limber was drawn by two teams of horses, 
:oept during the mud tests, where three teams were used. 
F^e 151 is the record of these tests. 

In the deep-mud tests the springs were not strong enough to record 
le pnll, the pencil ran off the paper, and the carriages in both cases 
DCK in a mudhole. The pencil was lifted and the carriage pulled 
ity bat for fear of wrecking the instrument the record was not 
iirtinued. 

After these tests, the tractograph on one of the limbers was strength 
leA by fitting to it two additional springs— four in all — and the sub- 
quent tests were all made with the same carriage and liml>er, the 
me tractograpluthe same teams of horses, which i>ecossitated merely 
langing the wheels for each series of tests. This, it was thought, 
ould make thetestsas nearly comparative as [K)ssible, for the following 
tasons: 

The carriage and limber being the same, the weights were in all 
tses the same except for the difference in weight of the wheels. 
The springs and mechanism of the tractograph IxMng the same, an}*^ 
lose affecting one record would similarly affect the others. 
The same teams of horses being used in each case, the nature of the 
active effort would l>e as nearly the same as possil)le. 
The next tests were made on August II, with the instrument 
ascribed above, and th(» record is entered under that date. 
Three teams of horses were used, and the tests made over the fol 
»wing kinds of roads: 

Macadam road -very hard and oiled to lay dust. 
Fair country road — a dirt road with light nuid in places. 
Hard sand road — hard sand and gravel with a small hill. 
Deep soft mud — In this road the wheels sank in places nearly to the 
ubs and large quantities of mud adhered to them. 
The road brakes were put on twi<*e on the macadam road and 
nee on the hard sand, to find what i)ull is required to draw the car- 
tage and limber with the two carriage wheels .skidded. It was thought 
liiH information would l)e of general value in carriage construction. 
It will be seen from the tabulated record of these t^sts that the 
ftpvice tire, except in the case of hard saiKl rcKid, shows in all cases a 
uperiority over the wide tires. The tests were made in the order 
iven, the wxdo tires being taken first. The s<M'vice wheels were fitted 
J the carriage and limlH>r and greased with axle grease in the shop. 
*hey were then drawn to the point of starting on the macadam road, 
distance of one-fourth mile. This distance was thought sufficient to 
pread the axle grease and cause the wheels to turn as easily as pos- 
ihle. However, when the lii*st round of tests was completed the car- 
iage was taken to the starting point on the macadam road and the 
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wiieels changed and again greased with axle grease. As the test on 
the macadam road began at this point, tlie axle grease, which is stiff at 
lirst, would, it is thought, account for the difference in effort required 
on ttiis road. This test on the macadam road was not considered satis- 
factory, for the reasons given above, and a subsequent one was made. 

On the hard sand road the advantage was in favor of the wide tirej?. 

On the fair country road and on the deep mud road the advantage 
was with the service tires. In both of these cases the mud adhered to 
the spokes and fellies, and the wide tire wheels naturally accumulated 
a larger quantity than the service wheels. 

On August 12 the carriage and limber with service wheels were 
taken into a giussy hollow, where the wheels sank from six inches to 
one foot in the sod and mud. Four teams were used at the start, but 
when the worst mud was reached the carriage stuck. It was neces- 
sary to use a block and fall to pull the carriage out, but the record 
was completed. Five teams were then hitched to the carriage and the 
wide-tire wheels fitted to it. The live teams pulled the carriage over 
nearly the same ground, but it was found that the mud was not so 
deep as in the first test, and a second trial was made with the wide 
tires, getting what appeared to be the same depth of mud as in the 
first test. These records were not considered by the board, as in 
this ground it was impossible to get exactly the same conditions in any 
two tests. The records are transmitted, however, as a matter of 
interest. 

The next test, August 14, was made over dry plowed ground, the 
records of which are given under that date. In these tests the car- 
riage with the liml>er was drawn by four teams and sank in the 
ground from one to four inches. However, the ground was dry and 
packed under the wheels. These tests were taken over the same 
ground and in both directions for each set of wheels, the results being 
in favor of the narrow tire. The tabulated record of these tests will 
show how accurately the tractograph was working. Attention is 
invited to the small difference in two directions, tioing north, the 
difference is 2.95 square inches in favor of the service tires. Going 
south, the difference in favor of same tires is 2.85 square inches. 

The final tests wore made August 16, over the following different 
kinds of rojuls. Four teams were used in these tests: 

Macadam road. — This te.s't was made over about 800 yards, and con- 
ditions in both cases were as nearly the same as possible. 

Mud road. — ^The wheels sank in this nmd from 1 to 5 inches, but the 
nmd was stiff and adhered onl}' slightly to the wheels. 

Cinder road. — This road was newlv made, and had had the steam 
roller on it but once. The wheels sank in about 3 inches. It is thought 
the conditions were about the same as on an ordinary sand road. 

Thrt>u(jh the w(M:>d^ — sod. — This was over the sod in the woods, and 
the wheels sank in al)Out 1 inch. 

These records are given in tabulation under date of August IG, 
and show in each ciise an advantiige in favor of the wide tires. 

The carriage limber, gun, and tractograph weighed complete, with 
5-inch tires, 8,500 pounds; with 4-inch tires, S^^S^ pounds. The 
tractograi)h weighed about 35 pounds. 

The springs used had })een accumtely tested, and for each spring 
one-half inch compression re(|uired li»0 pounds pressure, so tliat in 
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ese tests where 4 springs were used 1 inch on the record corresponds 
8U0 pounds pull. 
All areas were me^isured with the planimetei. 



Kind of road. 



of AUffUMll. 



ep soft mud 

fbttqf August 11. 



with rood brakes 



Ir (*ountry road, light 

■nd 

nl Hand, omall hill 

Ssoftmiid 
Hand, road bralces on, 
lOth wheels fllcidded 



Teat of Augtut It. 

I with deep mud: 

Ffnt trial 

Second trial 

lie with good hill and 
MB mud: 

FIxst trial 

Second trial 



TIni of August U. 

»wed ground, going 

onth 

me. going north over 
tone ground 



TWrf of August 16. 

teadam road 

id road 

ider road 

rough wooda — sod . . 



Wide tires— 6 inches. 



Area. 



.S^. in. 

6.98 

10.36 



Length. 

— r 



Inches. 
10. 42 
4.45 



Average pull. 



Juthes. 
.5691 
2.328 



Pounds. 
227.64 
931.2 



1.78 10.37 .17164 137.31 

(One wheel skidded.) 
4.52 3.35 1.35 1,080 



14.21 

5.78 
15.64 



7.14 
10. 12 



20 
19.77 



18.36 
20.41 



3.24 

8.78 

7.36 

12.90 



13.45 

5.90 

10.87 



3.48 
4 



11.27 
11 



6.62 
7.75 



16.07 
7.73 
7.64 
9.88 



Service tires — I inches. 



Area. 



Sq. in. 
2.33 
9.62 



Length.' Average pull. 



Jitches. 

10.45 

4.45 



Inches. 
.2229 
2. 1618 



Pounds. 

89.16 

864.72 



10.48 .2862 228.% 

(Both wheels skidded.) 
5.09 3.40 1.497 1,197.6 



1.0665 

.97% 

1.4388 



2.05 
2.53 



1.78 
1.797 



2.7734 
2.6336 



.2016 
1.135S 

.96204 
1.3056 



845.2 
783.68 
1.131.04 



1,640 
2.024 



1.424 
1.437. CO 



2,218.72 
2, 106. 88 



161.38 

908.64 

769.63 

1.044.48 



12.91 

5.9 

13.16 

3.66 



7.46 



21.57 



15.41 
17.66 



3.91 

9.76 

7.89 

13.84 



13.80 

5.72 

10.82 

.97 



3.33 



11.78 



6.62 
7.75 



15.91 
7.80 
7.44 
9.64 



.9335 
1.0814 
1.216 

3.77 



2.24 



748.4 

825.12 

972.8 

3,016 



1,792 



1.83 

2.3278 
2.2658 



.2458 
1.2513 
1.10605 
1.4356 



1.464 

1,862.24 
1,812.64 



195.64 
1.001.04 

884. H4 
1.148.48 



On September 27, 1902, the report was returned to the hoard, wliicli, 
le to tne relief of Major Taylor from duty at the Rock Island Arse- 
d, was now composed of Capt. L. M. Fuller, Capt. C. C. ffamieson, 
id Lieut. E. D. Bricker. 

This board was instructed to make additional tasts and to report a 
>rtnight in advance the probable date of such tests, in order that 
BScials of the Department of Agriculture and of the University of 
[issouri might be present. None of these officials accepted the invi- 
ition to be present at the tests, which were as follows: 

The carriage used for these tests was siege howitzer carriage No. 32, 
lodel 1893, with howitzer No. 4, model 1890. Liml>er >fo. 70 was 
tied with the tractograph. 

To make the results comparative, the same carriage, limber, and 
•actograph were used for all the tests, changing the wheels onl3\ 

The tractograph was constructed as in previous tests when the four 
wrings were used instead of two. 

The springs were accumtely tested and for each spring one-half inch 
impression required IW pounds pressure, so that 1 inch on the record 
jrresponds to 8iX) pounds pull. 

Plates 2 and 3 show the modified tractograph titted to the limber. 

The planimeter was used to measure all areas under the curves. 
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Four sets of wheels were u«ied, viz: With 8-inch tires, with 4-inch 
tires, with ft-iueh tires, and with O-inch tires. The wheels were all 4- 
ineh service wheels altered for the 8-ineb, 5-inch, and 6-inch tires by 
changing the fellies and putting on tires of the proper width. Some 
delay was experienced in getting tire steel of the proper size, and the 
5-inch tires were one-half inch thick, while all the others were five- 
eighths inch thick. For this reason, the 5-inch wheels were propor- 
tionally a little light(^r than the others. The fellies all had the same 
general shape as the fellies of the standard service wheels. 

The side plates were disks of galvanized iron and were fastened by 
screws, one on each side of the wheel. The object of these plates was 
to prevent the mud from packing between the spokes. 

The track of the limber wheels and the carriage wheels is the same. 
The weights were as follows: 

PoandiL 

( -arriage, pin, ami limber with tractograph, 3-inch wheels 9, 381 

Limber, with tractograph, 3-inch wheels 1, 566 

('arriage, with gun, 3-inch wheels 7, 773 

Weight on liml)er wheelt*, liinl)ered up, Ii-incli tire» 4,060 

Weight on carriage wheels, limbereil up, 3-inch tires 6, 285 

Tractograph, about S5 

3-inch wheels, each 296 

4-inch wheels, each 3S! 

5-inch wheels, each 349 

6-inch wheels, each .' 420 

Side plates with screws, eat-h 7 

4 sets (S side plates) 86 

In conducting these tests the wheels did not trac^k in ruts previouslj 
formed unless expressly stated. 

Three tiuinis of horses were used on the macadam road, woods road, 
and <'inder road. In the sandy loam and over plowed ground four 
teams were used. Five teams were used in deep mud anaon the sod. 

The tests extended over a i^eriod of ten days and on seven different ; 
kinds of roads. In addition, separate tests were made to nbow the 
results of tracking narrow tires in ruts made bj' wide tires, the resulbi 
of tracking in ruts made by tires of same width, and the merits of skle 
plates in deep mud. 

No effort was spared to have the conditions the same during each 
set of tests, and such trials as were not companitive did not rei-eive 
(consideration by the board. All such rejected records are appended 
as a matter of interest. 

Plate 4 shows the carriage l>efore beginning the tests. 

}rtu'ndam riHtil, —The road was hard and smooth and the wheels made 
no impression. The pull inereased slightly as the width of the tire? 
inrreased. Plate 5 shows this road. 

Vlndri* roiuL — This was a black cinder road, smooth and well rolled, 
the wheels making slight ruts. The 3-inch tires, i-ecord No. 3, struck 
a soft place near the edge of the road which was not encountered by 
the other wheels and which increased the average pull slightly, a^ 
shown by a comparison of the I'ccords. This road is snown in Plate G. 
inWw TiMuJ, — This road was a track made bv wagons through the 
woods and in some places showed old rut.^. The ground was damp 
The ruts varied in places and were 1 to r> inches deep for the 3- inch 
and 4-inch tires uikI 1 to 5 inches deep for the o-inch. and 1 to 4 Inches 
deep for the C-inch tires. The results show the pull to decrease as the 
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iridth of the tires increases. Plate 7 shows this road after 3-inch wheels 
)mA passed over. 

Sid. — These tests were taken over a level stretch of good sod which 
■■B damp and spongy. The ruts were from 1 to 3 inches deep for the 
Mfteh wheels and 1 to 2 inche-s deep for the others. The results show 
Awfe the 5-inch tires and 4-inch tires pulled easier than the 3>inch and 
Much. Plate 8 shows this ground arter the 4- inch wheels had passed 

JPtowed gnmnd, — This was a plowed field which had been packed to 
iome extent by rains since being plowed. The gi'ound was damp and 
Ihe tests were made across the furrows. The depth of the ruts varied 
from 4 to 8 inches for the 3-inch wheels to 2 to 4 inches for the 6-inch 
wheels. No earth packed between the spokes and but little adhered to 
the fellies. The results show that the pull decreased as the width of 
tte tires increased. Plate 9 shows the four tracks made during these 
tests. 

JPlaioed around {wheels traeHng), — The 5-inch wheels were run in the 
tracks made by the 6-inch wheels in the preceding tests, the 4-inch fol- 
lowed and then the 3-inch, all in this same track. The pull was much 
fiB<*8 in these cases than when the wheels made a new track, although 
it will be observed that while the 4-inch tires pulled easier than the 
5-inch, the 3-inch pulled harder than the 4-inch. 

Saitdy loam. — Ihis was a loose, dry, sandy loam. The earth did 
not pacK between the spokes nor adhere to the fellies. The 3-inch 
wheels sank from 8 to 12 inches, the 4-inch 6 to 12 inches, the 5-inch 5 
to 10 inches, and the 6-inch 4 to 7 inches. In these tests the pull 
decreased rapidly as the width of the tires increased. Plate 10 shows 
the track made by the 3-inch wheels, plate 11 the track made by the 
S-inch and 4-inch, the 3-inch being the right track. 

Sandy loam^wheeh tracking). — The 5-inch, 4-inch, and 3-inch wheels 
were run in the order ffiven in the track of the 6-inch wheels made in 
the preceding tests. This ground packed readily and the results show 
a Tery marked decrease in pull rec|uired when tracking in ruts made 
by wider tire^. Plate 12 shows the 6-inch ruts after the 5-inch, 4-inch, 
and 3-inch wheels had tracked through them. 

Ifeep mild. — These tests were begun in a specially prepared stretch 
of ground. In the first trial. No. 27 with the 3-inch wheels, the horses 
floundered, the right wheel sank in a ditch at the edge of the road, and 
the carriage stuck. The five teams were unable to pull it out until 
the wheels were blocked up and boards placed under them. Plate 13 
shows the carriage l>efore its release. 

An effort was then made to go through this same stret(*.h with the 
0-inch wheels with side plates, but the carriage again stuck. Plate 14 
shows the carriage stuck in this trial. In this place there was no bot- 
tom to give a footing for the horses, and a new stretch of road was 
selected. This new stretch of road lud a harder bottom and the mud, 
which was from G inches to 24 inches deep, was wet enough to stick 
to the wheels and pack between the spokes. Plate 15 shows the car- 
riage just after it stuck. After going through with each set of wheels 
the same set went through again, tiuckin^ in its former ruts. 

Plate 16 shows this road before b^nnmg the series of tests. The 
puts made by the 3-inch wheals, Plate 17, were from 6 to 24 inches 
deep; those made by the 4-inch wheels, Plate 18, were from 6 to 20 
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inches deep; those by tlie 5-incli wheels, Plate 19, were from to lb 
inches deep, and those hy the 0-inch wheels, Plate 20, were from to 
18 inches deep. The closest scrutiny during this series of tests could 
detect no variation in the conditions, and the results are considlered u 
accurately comparative as it is possible to obtain them. The leeulb 
of these deep-mud tests show that when the mud is deep and 4tickf 
and packs between the spokes, the pull decreases as the width ,of tiie 
tire decreases, but that when the tire bec*omes too narrow and the 
depth of nmd increases rapidly, the pull begins to increase. 

Side plates decrease the pull to some extent in deep mud, although 
some mud adheres to them, but this advantage is not considered enowb 
to outweigh their disadvantages, viz, that tnev are easily bent, wheeb 
equipped with them are more difficult to handle, and they presenta hid 
appearance. (Plate 21.) 

The pull required going through deep mud is less when following up 
the track of a wheel with the same width of tire than when making i 
new tmck. 

The above tests confirm, in all essential respects, the average of the 
combined results deduced in the tests made by the Experimental Stt 
tion of the University of Missouri in 1897, by Studebaker Brothers ii 
1892, and bv the British Association for Advancement of Science i> 
1902. 

The tests bv the board show: 

1. On hard, smooth roads with no obstructions the tractive effort 
increases slightly with the width of tires. 

2. On unmade roads, plowed ground, and sandy loam the tractive 
effort increases as the width of the tire de(»reases. 

3. In deep mud which is stick}^' adheres to the fellies and packs 
between the spokes, the tractive effort decreases as the width of the 
tire decreases until tire becomes too narrow and the depth of the riit^ 
increases nipidly, when the tractive effort begins to increase. 

4. In all cases wide tires leave the road in better .condition than 
before they passed over it. The wider the tires the more marked fa 
the improvement to the roads. 

These results, in connection with the results of the tests previously 
referred to, show to the satisfaction of the lK)ard the following more 
general results. 

1. The wide tires require slightly more tractive effort on hard, 
smooth roads and on good roads covered with dust or light slush. In 
all cases of roads or ground where the mud adheres to the fellies or 
packs betwei^n the spokes the tractive effort required is greater for 
wide tires. 

2. That wide tires require less tractive effort than narrow tires on 
all other classes of grounds or roads. 

3. That wide tires leave the road bed in better condition than before 

passing over. 

« * * * * « » 

Note. — In a few unimportant cases the results which have been 
obtained differ slightlv, but for all chvsses of roads, important from a 
military stand jK>int, the general results are the same. 

The question of determining tho width of tires depends upon the 
object sought in the particular case under consideration. 



WIDTHS OF TIRES OF t^IEOE ARTILLERY CARRIAGES. 



155 




Xd the case of siege giin carriages, the important [K>int to Fk? con- 
is, in the opinion of the board, not what width of tires is inf»st 
itageous on the good road or average roads, hut what width of 
is most advantageous under the most adverse conditions which 
be enoounterecTin an active campaign. 

apDroved programme for the first test given in second indorse- 

it O. O. file 253U1-F, suggested that the different classes of roads 

iven a multiplier depending on the importance of getting through 

a road in an actual campaign. The programme contemphtied 

over five different classes of roads, but as these more extended 

have been made over seven kinds of roads, the Ixmrd h&s modi- 

these multipliers to correspond. In the first programme the multi- 

sr for the deep-mud road was 10 out of 2o. In the modified list 

►w the deep-mud road is given a value of 15 out of So^ which is ix»s- 

ly a little low. 

road iiiuliiplier. . 1 

ler road <3o 1 

roods road do 2 

d<. 3 

red groand do 5 

ly loam do 8 

Deep mod do 15 

The tabulated results follow: 
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Record of iinde-lire te^ts — Continued. 

4INCH TIRES. 

[Weight of carriage, limber, gun, and tractograph, complete, 9,469 pounds; weight of side plat 

pounds.] 



Kind of road. 



Macadam road 

Cinder road packed first 50 
yards up 3° grade. 

Woods road 

Sod. spongy 

nowed grcmnd across furrows. . 

Plowed ground across fiirrows; 
wheels tracking 6 inches, 5 
inches, 4 inches, 3 inches. 

Sandy loam, dry 

Sandy loam, dry; wheels track- 
ing 6 inches, 5 inches, 4 inches, 
3 inches. 

Deep mud 

Deep mud; wheels tracking in 
own ruts. 

Deep mud, with side plates 

Deep mud; not considered ex- 
cept in comparison with side- 
plate test above. 

Not contidered. 

Deep mud 



Area 
under 
curve. 

Sq. in. 
1.8 
6.28 


Length of 
record. 


Average pttll. 


Imcha. 
10.46 
10.87 


Inchns. 
0.1722 
.6056 


PimndM. 
1S7.78 
484.48 


10.48 
6.64 
17.6 
13 


10.22 
4.93 
9.95 

10.05 


1.0254 
1.3468 
1.7789 
1.2935 


820.82 
1,077.44 
1,423.12 
1.034.80 


24.12 
12.21 


9.50 
10 


2.5389 
1.2210 


2,031.12 
978.80 


15. 10 
14.20 


6.17 
6.15 


2.4473 
2.8089 


1,957.84 
1,847.2 


13.75 
13.34 


6.15 
5.9 


2.2357 
2.2610 


1,788.66 
1.806.80 


17.71 


6 


2.9516 


2,361.28 



Remarks. 



No rets. 
SUglitratB. 

Ruts 1 to 6 inches 
Ruts 1 to 2 inches dee^ 
Ruts 8 to 7 inches deefi. 



Ruts 6 to 1 inch deep. 



Ruts 6 to 20 inches deep^ 
Ruts 7 to 21 inches deep. 

Ruts 6 to 15 inches deep. 
Ruts 6 to 18 inches deep. 



Not comparative result: 
too deep and wet. 



6-INCH TIRES. 

[Weight of carriage, limber, gun, and tractograph, complete, 9.687 pounds; weight of side plat 

pounds.] 



Kind of road. 



Macadam road 

Cinder road packed first 60 
yards up 8^ grade. 

Woods road 

Sod, spongy 

Plowed ground acrom furrows. . 

Plowed ground across furrows: 
wheels tracking 6 inches, 5 
inches, 4 inches, 3 inches. 

Sandy loam, dry 

Sandy loam, dry; wheels track- 
ing 6 inches, 5inches,4 inches, 
3 inches. 

Deep mud 

Deep mud; wheels tracking in 
own nits. 

Deep mud, wKh side plates 

Deep mud; not considered ex- 
cept in comparison with side- 
plate test above. 

Not considered. 

Deef> mnd, with side plates 



Area 
under 
curve. 



Sq. in. 
1.9 
6.49 

10.02 

6.20 

17.08 

14.95 



19.66 
13.50 



15.92 
15.17 

14.74 

12.36 



14.66 



Length of 
record. 



Inehe9. 
10.54 
10.17 

10.85 

4.94 

10.07 

10.18 



9.45 
10.18 



5.90 
6.96 

6.06 

6.04 



5.91 



Average pull. 



Inches. 
0.1802 
.6881 

.9855 
1.2551 
1.6961 
1.4685 



2.0804 
1.3261 



2.69aS 
2. ftir>3 

2.4363 

2.0463 



2.4686 



Poundtt. 
144. 16 
520.48 

788.40 
1,004.(16 
1,356.88 
1,174.80 



1,664.32 
1,060.88 



2, 158. 6f 
2,036.24 

1,949.04 

1,637.04 



Remarks. 



1,970.88 



No ruts. 
Very alight 



Ruts 1 to 5 inches deep. 
Ruts 1 to 2 inches deep. 
Rnts 2 to 6 inches deep. 



Ruts 6 to 10 inches deep. 



Ruts 6 to 18 inches deep. 
Ruta 7 to 19 ftncbes deep. 

Ruts e to 14 ittclMa 

stuck: polled out. 
Rnt 6 to 14 Indiea deep. 



Side plates torn off, bu* 
at places; mud packe 
tween spokes wbeie ] 
torn off. 
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Record of wide-lire tests — Continued. 

6-INCH TIRES. 

>f carriage, limber, gun, and tractograph complete, 9,821 pounds; weight of side plates, 53 

pounds.] 



Cind of road. 



road 

Md packed first 50 

p 8° grade. 

id 

x>and across furrows. 
nouod across furrows, 
tracking 6 inches, 5 
4 inches, 3 inches. 

IB, dry 

m.dry: wheels track- 
tbee, 5 inchefl,4 inches, 
I. 

1 

1; wheels tracking in 

X. 

1, with side plates . . . 
1; not conslaered ex- 
*oaiparison with side- 
9t above. 

(ol considered. 

I, with side plates 



Area 

under 

curve. 



So. in. 
•2.76 
7.22 

9.72 

6.96 

16.64 

16.64 



18.31 
18.31 



16.97 
16.23 

14.36 
14.73 



Length of 
record. 



17.23 



Inches. 
10.20 
10.30 

10.25 

5.05 

10.05 

10.06 



10.03 
10.03 



5.83 
6.05 

5.93 
6.25 



5.85 



Average pnll. 



Inche». 
0.2706 
.7009 

.9483 
1.3821 
1.6557 
1.6557 



1.8265 
1.8255 



2.9108 
2.6826 

2.4211 
2. 4714 



2.9453 



Pounds. 
216.48 
560.72 

758.64 
1,105.68 
1,824.56 
1,324.56 



1,460.40 
1,460.40 



2.828.64 
2.146.08 

1.936.88 
1,977.12 



2,856.24 



Remarks. 



No ruts. 

Very slight ruts. 

Ruts 1 to 4 inches deep. 
Ruts 1 to 2 inches deep. 
Ruts 2 to 4 inches deep. 



Ruts 4 to 7 inches deep. 



Ruts 6 to 18 inches deep. 
Do. 

Ruts 6 to 14 inches deep. 
Ruts 6 to 12 inches deep. 



Stuck in mud; wheels blocked 
up and pulled out to one 
side. 



Kind of road. 



road 

id 

id 

x>und . . . 

m 

t 

il weight 



Multi- 
plier. 



1 
1 
2 
3 
5 
8 
15 



Three-inch tires. 



Average 
pull. 



Pounds. 

137.50 

565.84 

980.56 

1,081.68 

1,678.72 

2.308.84 

2, 134. 16 



35 



Weight 
given. 



Pounds. 

137.50 

565.84 

1.961.12 

8.245.04 

8,393.60 

18,430.72 

32,012.40 



Four-inch tires. 



Average 
pull. 



Pounds. 

137. 76 

484.48 

820.32 

1,077.44 

1.423.12 

2,031.12 

1.957.84 



64,746.22 



Weight 
given. 



Pounds. 

137. 76 

484.48 

1.640.64 

3,232.32 

7,115.60 

16.248.96 

29.367.60 



58,227.36 



Kind of road. 



road 

Id 

id 

"ound . . . 
ra 

J weight 



Multi- 
plier. 



1 
1 
2 
8 
5 
8 
15 



86 



Pive-inch tires. 



Average 
pull. 



Pounds. 

144.16 

620.48 

788.40 

1,904. 06 

1,866.88 

1,664.82 

2,158.64 



Weight 
given. 



Pounds. 

144.16 

520.48 

1,676.80 

8,012.24 

6,784.40 

18,814.66 

32,879.60 



57,782.24 



Six-inch tires. 



Average 
pull. 



Pounds. 

316.48 

660.72 

768.64 

1,106.66 

1,824.66 

1,460.40 

2,828.64 



Weight 
given. 



Pounds. 

216.48 

560.72 

1,617.28 

8,817.04 

6,622.80 

11,683.20 

84,928.60 



68,847.12 
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These results show an advantage in favor of the 4-iiich tires, which 
advantiige will increase if relative importance is given to the deep- 
mud class. 

Attention is called to the relative poor showing made by the 3-inch 
wheels. 

Plates 22 and 23 show tracings taken from tractograph records and 
arc typical of the records from which the tabulations were made. 

On rJovember 23, 1903, the report was returned to the board for 
reconsideration, and the following was its action: 

The board is of the opinion that the tests as made were most com- 
plete, and, moreover, agrees in every respect with the deductions 
drawn from these tests by the former board. 

After a careful study of the above-mentioned tests and from per- 
sonal experience of members of the board with heavy transportation 
under service conditions, the board is of the opinion that the most 
important point to consider is the width of tires that will l>e the most 
advantageous under the most frequent and advei*se conditions which 
will be encountered in active service. 

Omitting the use of multipliers and tabulating the average pull b 
pounds of the various widths of tire ov^er different classes of roacis, lao 
as to show the relative merit of each width of tire under service condi- 
tions, we have the following table: 



Tire. 



' Macadam 
I road. 



3-inch 187.riO 

4-inch 137. 7« 

5-inch ' 144. It) 

6-inch i 21«. 18 



Cinder 
road. 


Woods 
road. 


Sod. 


Plowed 
ground. 


Sandy 
loam. 


565.84 
484.48 
520.48 
560.72 


980.56 
820. 32 
788.40 
758.64 


1,081.68 
1,077.44 
1.004.08 
1,10b. 68 


1,678.72 
1,423.12 
1.3.'i6.88 
1,324.56 


2,903.84 
2,031.12 
1,664.32 
1.460. to 



Deep mad. 



2.131.W 
1,9?»7.H 
2,1.W.W 
2,32S.M 



The total load behind teams is not considered, as the only variable 
used was the wheels the increase in weight of which is, of course, the 
penalty of wider tires. 

The most suitable tires for each kind of road is selected from the 
above table from those tires giving an average pull differing between 
limiting widths by less than 1(X) pounds. 

The most suitjible tire for — 

Macadam road: 3, 4, 5, or 6 inch tires. Greatest difference l>etween 
3-inch and 6-inch tires equals 78.98 pounds. Pull increases as width 
of tire increases. 

Cinder road: 3, 4, 5, and 6 inch tires. Greatest difference between 
4-inch and 6-inch tires equals 81.36 |)ounds. Pull increases as width 
of tire increases from 4-inch tires up. 

Woods road: 4, 5, and 6 inch tires. Greatest difference befweeo 
4-inch and 6-inch tires equals 61.68 pounds. Pull decreases as width 
of tire increases. 

Sod: 3, 4, and 5 inch tires. Greatest difference between 3-inch 
and 5-inch tires equals 77.60 pounds. Pull decreases as width of tire 
increases up to 6 inch. 

Plowed ground: 4, 5, and 6 inch tires. Greatest difference between 
4-inch and 6-inch tires equals 08.56 pounds. Pull decreases as width of 
tire increases. 

Sandy loam: 6-inch tires. Pull decreases as width increases. 
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Deep mud: 1-mcli tires. PqH inr^ease^ ss width iiimea2«:s fpcm 4 
inches ap. 

From the mb -»re it ^iiich tire^mrp soitible for three 

^Idnds of roads — mafartmm. cii r. <od: 4-iiich tires> mre ^llitlMe for 
,mx kinds of roads — n^aradam. < ', wcods. sod. plowed groand. and 

deep mod; ^-incfa tires are ^uit t lor five kinds of roads — maradam« 
ciiMier, woods road, 9)od« and p erocmd: ^inch tires are saitible 

for five kinds of roads — macaaa ( r. wood< reads, plowed groand. 
and sandy loam. 

From an examination of the ove results it is erident that ;i-inch 
tire is not adapted to si^e ma er : 4-ineh tire is equally a> good as 
the 5-inch tire over similar ro in addition is far superior to 

either 5 or 6 inch tires in deep ku which is the moet frequent type 
of road met with in actual sen e; ^-inch tire is inferior to the 4~iWh 
tire; 6-inch tire is superior to 4-im*h tire only on sandy roads, ami 
fadferior to the 4-ineh in deep n 

The board is therefore of i opinion that the result shows an 
adirantage in fivor of 4-inch tires for siege material. 
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Appendix V. 



^ORT OF ORDNANCE BOARD ON RANGE FIRINGS WITH IfS-INCH 

MORTARS. 

(3 plates.) 

The Ordnance Board, U. S. Army, 

New York Arsenal, 
Governors Island, New York Harbor, 

JVew York City^ Augiist 16^ 1904. 

Ti: 1. The board respectfully reports the results of firings made 
stablish data for range table of 12-inch B. L. mortar, model of 
►, with smokeless-powder charges, pursuant to instructions given 
bird indorsement O. O. file 37438-28, May 24, 1902; third indorse- 
Lt O. O. file 37438-02, November 15, 1902, and O. O. letter, Novem- 

5, 1903, 37438-198, the latter relating to drift of 1,050 pounds 
-iron solid shot for comparison with other projectiles. Previous 
irts with partial data were forwarded b}^ letter September 22, 1903, 

by indorsement February 2, 1904, on O. O. 37438-198. The 
sent report includes the data given in the previous ones. 

The firings for range have been made from 12-inch mortar car- 
re No. 193, model of 1896, Columbus Machine Company, altered 
Jutting additional teeth in the rack and chipping the top carriage 
)ermit firing at an angle of 70 -*. The cast-iron racer of the car- 
•e was cracKcd in firings with full charges at 70^ elevation, as 
>rted June 26, 1902, and was then replaced by a steel racer. Sub- 
lently the cast-iron top carriage was broken through the right 
inion and was replaced by a steel top carriage, which was used in 
amber of firings between December 18, 1902, and July 23, 1903. 
the latter date, due to the explosion of a shell in the bore, the 
tar was ruptured and the carriage damaged, requiring new equal- 
g pipes, cylinders, piston rods, and crosshead guides. Firings 
I the carriage were resumed October 17, 1903, andhave since been 
:inued as required. 

The data herewith comprise in general several series of firings 
I different powders, to select the most suitable for the reduced 
•ges and to construct the charge- velocity curves for the lots of 
der used, and range firings between 45^ and 70'^ elevation with the 
iral kinds of projectiles in zones covering the field of fire from 
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til)<)ut l.JMK) to 1 2,400 yards. The scheme of zones laid down is approxi 
niatvlv as follows: 



Z«)no. 



1 

r, I 

^:::::::::;::::::;:::.::;:::::::::::::::::;::;:i 

«J 



WoiKht of i)n>- 


Muzzle 


jwllle. 


velocity. 


I*t.tund«. 


KLMC. 


1,000-1.060 


5(i0 


1.000-l.OM 


G50 


l.OOO-l.OSO 


WO 


i,(w-i,a-iO 


1,000 


l.OOO-l.OW 


I.ISO 


MOO-KIO 


l.XJf) 



l.imii.s 



Yanlt. 
1,900 to 3.aoo 
2.300 to 4,250 
3, 850 to C.40U 
5, 400 to %\Hi 
H.0;^tul0.9!i0 
V. 000 to 12. 40O 



4:1 III 71 1 

i."»ii-:o 

45 !'»70 
4.'»Ih70 
•!.'» l»i U'l 
4.'i !n U'l 



Tluit is to say. the typos of l,OCH)-pounil projectiles are used with live 
diffomit eliarj^es of powder from tne shortest ningc up to their limit 
with full charge and velocity (1,150 feet per second), with limits of ele- 
vation lM»twecn 45 and 7() , ex<'ept that with the full charjjc the hiirher 
limit is 05 , and the tvpcsof 8oO-i)ound projectiles are used for an outov 
zon<» only to extend the ran^e to tneir limit with full charge and velocity 
(l,3:i5 toot per second), with limit of elevation l>etween 45 and ()5 . 

4. This arrano-ouKMit of zones it will be remarked is tentative onlv. 
The data proscntod should .sulKcc for establishing the rangfe tables with 
any other divisions doomed desirable by the artillerj', or for supply injr 
(•hai«^^os to cover zones satisfvin^^ local conditions, as has been sutrgested 
in a Totter rocoivod from Captain Harlow, and may enable application 
to bemadt^of cartridjyfos put up in sections and the principles of widely 
overlapping zones, as ))roposed in Captain Landons communication of 
April 5, l<jn;i (). O. hie 87438-155. 

5. Tlio limit of Tm is plac(»d upon the maximum angle for the two 
outer z()n(»s. while full charges are used (one for 1,000 and one for sin) 
]M)und proj(»ctih») for two reasons: 1, to reduce the strain on the <'ar- 
riatro that would l)o causinl with full charges and 70 "-* elevation; and 
2, tlio \\\\)f\iy of fall for 7n is not required to secure deck penetration 
at tin* lono; rang(»s. In observing the drift curves for the nearer zones 
(plato ;i) and thoir sudden departure toward the left at about G6 ele- 
vation, it appears that accuracy in direction at higher angles mav he 
(iifticiilt of attainmont. For this reason it mav be deemed advisable to 
limit I ho maximum angles for zones 8 and 4 (as shown on the drawing) 
to t;«; . This mav b(» done without seriouslv atfectincf the sufficiencv 
of tlio dock-p<Miotrativo })nwor of the 1,000-poimd pi"ojectiie. It would 
however appariMitly rocjuiro the introduction of an aaditional zone. 

<I. Tin*, inclosuros herowith (in duplicate) comprise: 

The tiring records [not printcHi). 

Hallistic data for I'J-inch B. L. mortar range tnble, compiled from 
tiring reo<»rds. 

Draw ing showing actual ranges of projectiles in each zone, and drift 
curves tor east iron shell and torpedo shell. 

Drawing of curves showing relation Iwtween angles of projection 
and ranges for various muzzle velocities, computed and actual, 
compared. 

Drawing of curves showing relation between velocities and nuiges 
for various angles of projection, computed and actual, compared. 
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The firing records will be more readily interpreted b}' stating their 
object, as follows: 



Date. 



1902. 
September 12 



Piece. 



12-inch mortar. No. 
124. 
September 23 do , 



Do.... 
Oct<>berl3 
October 20 



1903. 
Jmauajry 15. . 



Jime 22-90 
Jimeao.... 
July 2-^... 



July 11-21 
July 21-28 

July 23 ... 



1904. 

JmauMiy 16^18 



1904. 
Ilaich4-April9... 

March »-April 23.. 



M«y &-June 13. 
]>eeemberlO... 



.do 
.do 



12-ineh mortar, No. 
124. 

12-inch mortar, No. 
158. 



12-inch morUir, No. 
152. 

12-inch mortar, No. 
138. 

do 



.do 



12-inch mortar, No. 

152. 
12-inch mortar, No. 

138. 

12-inch mortar, No. 38. 

12-inch mortar, No. 

124. 

do 

12-inch mortar, No. 

152. 

12-inch mortar, No. 
124. 



September 24 12-inch mortar. No. ' 

I 138. : 

October 10 do , 



Number of 
rounds. 



68-76 

8S-96 

39-47 

61-64-71 

72-75-77 

78-82 

lltM31 



2-13 



30-62-ti6-67 

U7-ia5 

106-148 



14«)-153 
81-92 

154-161 



88-97 

213-273 

(ex. 241,242) 

2H4-308 

154-157 



173-187 



Object. 



Test of 5-inch R. F. nmokeless powder, for 

reduced charges. 
Test of 15-p>ounaer R. F. .smokeless powder, 

for reduced charsres. 
Observation of fall of projectile at short 

ranges. 
Range with sphero-liexagonal powder, at 

45° and 560 feet per second. 
Range with 5-inch R. F. powder, at 45° and 

560 feet per 8ect)nd. 
Range witn 15-pounder R. F. powder, at 45° 

and 560 feet per second. 
Retestof powders for charge- velocity curve. 



Test of 15-pounder R. F. powder, for varying 
charges and velocities, not to exceed a 
pressure of 28.000 pounds, this being the 
maximum limit assigned for the employ- 
ment of 15-pounder powder in 12-inch 
mortar, model of 1890. 

Test of 15-pounder R. F., and 12-inch mortar, 
smokeless iK)wder, for charge- velocity 
curves. 

Rangeti rings in which only partial data were 
secured, not entered on tables of ballis- 
tic data. 

Range firings, entere<l on tables of twUis- 
tic data, except rounds 145-148, for which 
data arc incomplete. 

Test action of fuse at short ranges. 

Retest of powders for cliarge- velocity 
curves. 

Range Hrings, entered on table of .ballistic 
data, except round 161. 

Retest of powders for charge-velocity 

curves. 
Range firings, entered on table of ballistic 

data. 
Do. 
Charge-velocity test for 1,050-pounder 

capped ca.st-iron shot. 

Range firings, 1,050-pounder cast-iron shot, 
entered on last page of table of ballistic 
data. 



With reference to the remark "Shell did not explode," frequently 
noted on the records when fused shell were fired, it will be stated that 
this refere to the apparent action as seen })y observers usually placed 
near the firing point. Separate observations warrant the opinion that 
in a number of such cases the delay action of the fuse permitted the 
proiectile to be so far submerged beneath the water as to render the 
explosion invisible if it did occur. 

Y. The projectiles used in the range firings on table of ballistic datii 
have comprised — 

Weight, 
pounds. 

Ooflt-iron mortar shell, sand filled 1, 000 

D. P. shell capped, charged with maxiniite an<l detonating fuse, a.H for service 

conditions, average about 1, 030 

Torpedo shell, charged with maxiniite and detonatinj< fuse, or with asphalt to 

amalate high explosive charge, average alxuit 1, 030 

Oftl^ped cast-iron solid shot 1,050 

Oast-iron mortar shell, sand filled 800 

Torpedo shell charged with asphalt to simulate high explosive charge, average 

about 825 



1^ 
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The powdor cluirji^es (MnploviMl wore vuriexl to suit the weijrhts of 
types of projectiles, as stated above, and also the weight of each j)n)- 
jeetile dilferint^ materially from the aveitige, so a^ to give the siunv 
muzzle velocit}'^ to all projectiles tired in each zone. The variations of 
charge for this purpose will be particularly noted in the case of tor- 
pedo shell tilled with asphalt, wherein the weights of 1,000-pound typr 
vary from 1,015 pounds in round 278, April 23, 1904, to 1,030 ix)unds 
in round 213, March 8, 11)04, and the weights of 800-pound type varv 
from Sit) pounds in round 308 to 828 pounds in round 302. June L'n 
11M)4. 

The object in giving this uniform veloi'ity for each zone has been 
for comparison of data with the ditferent tvpes of projectiles. In the 
preparation of range tables it is expected that uniform charges will Ih^ 
used in (Mich zone and the resulting range deduced for the different 
types of projectiles. 

S. The average weight, 1.030 pounds, for the heavy D. P. and tor- 
pedo shell, as used, was tixed by tilling them with maximite and deto- 
nating fuse as for service conditions, and the average weight, 825 
pounds, for the light torpedo shell resulted from filhng them with 
asphalt having about the same specific gmvity as indicatecT for the high 
explosive charge in tilling the heavier shell. 

\K The D. P. shell here used are a particular pattern, model 18J^X 
modified. (See Ordnance OfKce drawing, June 12, 189t5, and O. O. tile 
37514-4, return<»d to the Ordnance Office bv seventh indorsement, 
December 20, 10O2.) The capacity of this pattern is 944 cubic inches 
as comj)ared with 1.211 cubic inches for the shell of model 1898. Shell 
of model 18J»8 constitute the principal supply on hand for service. In 
cons(»(|uence of the reduced capacity of the t). P. shell mcxlel of 1S!»3, 
modified, the charge of maximite contained is about 53 pounds, and the 
average total weight of shell, capj^d, 1,030 pounds. When this shell 
is charged with explosive 1), pressed, the w^eight of charge l>ccomes 
4^5.75 pounds and the average total w^eight of shell, capped, 1,024 
])()unds. The weights of maximite cast, and explosive D, pressed, in 
shell charges are, respectively, O.056H and 0.0486 of a pound |>er cubic 
inch. 

10. Assuming that explosive D w^ill be used as the high explosive 
charge in service, the average weights filled and fused of 12-incli mor- 
tar I). P. shell, model 18^8, and torpedo shell for the construction of 
range tables should })e taken as follows, in lieu of the weights given 
for corresponding projectiles on page 14 of the pu}>lication *'No. 1676, 
Tjible of I'. S. Armv Cannon and Projectiles, Washington, Govern- 
ment Printing OfKce,* 1904. " 

T. i^toel shell (tor|HMlo), reduced from 814 to 807 i>oundei. 
T. f-teel .^liell (toriK-'do), reduced from 1,016 to 1,008 pounds. 
('api)f<l I). P. Hliell (steel ), rediice<l from 827 to 824 pounds. 
Capped I). V. shell (stwl), re<iiK'e<l from 1,051 to 1,046 pounds. 

It is to bo noted that the weights of these shell in the publication 
referred to were based g(»nerallv upon a weight of explosive charge 
taken as an average of explosive 1) and maximite. 

11. In this connection attention is invite<i to the recommendation 
contained in the board's report of »Iiily30, UM)8, paragraph 19, reganl- 
ing the explosion that occurred at round 161, 12-ineh B. L. mortar. 
No. 138, in these firings using a cast-steel torpedo shell charged with 
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maximite, viz: That since the forged steel torpedo shell of present 
service pattern have occasionally shown evidence of deformation when 
fired wim high pressures, their use should be restricted to a maximum 
velocity of 1,000 feet per second. This velocity can be obtained with- 
oat exceeding a pressure of 25,000 pounds per square inch, which is 
considered a safe limit for the shell. 

12. The results of these firings lead to the following conclusions: 

(a) Two types of smokeless powder are needed for the service of 
the piece. T^e 15-pounder R. F. powder is suitable for reduced 
charges up to about 950 feet per second, the maxiiuum pressure not to 
exceed 28,000 pounds in 12-inch mortar model of 1890. (See in this 
connection firing records rounds 2-13, 12-inch mortar, No. 158, Janu- 
ary 15, 1903.) It is thought the dividing line between this and 12-inch 
mortar powder to be used for the heavier charges should be ordinarilv 
at a charge giving about 950 feet per second velocity, in case sucK 
charge is ne^ed. A smaller charge of 12-inch mortar powder might be 
employed, but in case of a lot of slow powder the unconsumecf rem- 
nants blown into the mortar pit would probably prove objectionable. 

(b) All points being considered, incluuing accuracy and trueness of 
flight, the employment in service of the 1,000-poimd type projectiles 
at a minimum range limit of about 1,900 yards, with 70^ angle of pro- 
jection, as shown for zone 1 on the inclosures herewith, seems rully 
justified. The necessity for using this zone of fire (1,900-3,300 yards) 
when zone 2 begins at 2,300 yards would probably not often arise, 
and the charges to be provided for it may be correspondingly reduced 
in number, but the board deems it important to retain this zone in 
any plans prepared, in order to utilize the fire of 12-inch mortars to 
the limit, approximately, of their shortest effective range. 

13. Similar data remain to be secured for the 12-inch mortar model of 
1886. This will be done under instructions contained in third indorse- 
ment O. O. 37438-109, October 25, 1902, which paper is retained, 
together with O. O. 23564-280, letter of the commanding general, 
Department of the Ekst, October 28, 1902, instructing the conmianding 
officer, Fort Hancock, to permit the commanding officer, Sandy Hook 
Proving Ground, to make the range firings from the mortar battery at 
Fort Biancock. The programme prepared for these firings comprises 
about 125 rounds, including tests of 15-pounder powder, to establish 
the charge-velocity curve for reduced charges with 1,000-pound pro- 
jectiles, and of 5-inch R. F. powder for full charges with 1,000-pound 
and 800-pound projectiles. 

Chas. S. Smith, 
Lieut, Col,^ Ord. Dept,^ U. S. Arrny^ I^esident, 

R. BiRXIE, 

Majo7\ Grd, Dept,^ U. S. Army, 

Geo. L. Anderson, 
Majors Artilliyry C(xrps^ U, S, Artiiy, 

B. W. Dunn, 

Captain,^ Ord, Dept,^ U, S, Anny, 

The Chief of Ordnance, U. S. Army, 

Washington^ D, C, 
(37438—250.) 
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BALLISTIC DATA FOR 12-INCH B. L. MORTAR-RANGE TABLE UNDI 

ORDNANCE BOARD PROGRAMME NO. 119. 

These tables give ballistic data obtained in executing Ordnance Boii 
programme No. 119. Four azimuth instruments were used in i-aii 
observations. The longest base line was about 6,785 j^ards. T 

?robable errors in measured ranges and angular deviations are sms 
he initial velocity was taken from a charge-velocity curve construct 
from data obtained with the lot of powder used. The velocity- of t 
wind (corrected to true velocities) was taken from the continue 
record of the meteorograph shown on page 44, Circular D, Instrumt 
Division, U. S. Department of Agriculture (VVeather Bureau). T 
direction of the wind was taken from an indicator mounted near t 
mortar and about 30 feet above the ground. 

The D. P. shell used in these tests were capped. Both the D. 
and the torpedo shell up to round 161 were loaaed with maximite, « 
contained a service detonating fuse. For all rounds after 161 the t< 
pedo shell were loaded with asphalt. 
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REPORT OF ORDXAXCE BOARD OX TEST OF FIELD MATERIAL, 

(23 plates.) 

The Ordnance Board, D. S. Arsit. 

New Yom Arsenal, 
Governors Island, New York Harbor, 

ye^c York City, A^tg^iM S. I90i. 

Sir: 1. The board respectfully submits report of test of field materuil 
made pursuant to the following programme approved March 4, IIKH, 
O. O. file 35524r-153. 

TEST OP 8-INCH FIELD GUN. MODEL OF 1902. ANT) PILOT CARRLAGE, MODEL OF !«£, ROCK 
ISLAND ARSENAL: AND OF ADDITIONAL BREECH MECHANISMS FOR FIELD GUNS. 
NAMELY: 

(1) Stockett eccentric block mechanism fitted to 3-inch experimental 
gun of model 1902. 

(2) Modified Stockett block and Tasker continuous-pull mechanism 
fitted to the same gun. 

(3) Grerdom eccentric firing pin bushing, applied to 3-inch field gun, 
model of 1900, for short-recoil c*arriage. 

(4) Gerdom eccentric block mechanism on 3.2-inch field gun con- 
verted. 

(5) Stockett eccentric block mechanism on 3.2-inch field gun 
converted. 

The guns will be mounted for firing tests, as follow.s: 
On the pilot c*arriage, model of 1902, Rock Island Arsenal: 3- inch 
field gun, model of 1902, Gerdom breech mechanism, and the 3-inch 
experimental gun with npecial mechanisms designated 1 and 2, above. 
On the short-recoil carriage, experimental, model of 1900: 3-inch 
gun, model of 1900, with m<Mlified Gerdom mechanism, and the two 
3. 2-inch converted guns, designated 3, 4, and 5, above. 

AMMLTfinON. 

• 
The 3-inch guns each use fixed ammunition (see Ordnance Office 
drawing. May 7, 1902); capacity of case 6H.5 cubic inches, and pro- 
jectile 15 pounds, with band 1.2 inches Trom base. The stanoanl 
charge is nitrocellulose field gun powder of a weight suited to give 
1.700 feet per second muzzle velocity with llO-grain (long^ primer, in 
tne 3-inch gun, model of 1902. Projectiles other than tne standard 
may be used in tests other than firings for accuracy, as, for example, 

1S3 
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3-inch cast-iron shell of Bethlehem manufacture, with band 1.55 
inches from base. In such projectiles assembled in the standard 
<'artridf|fe case the charge will l)e regulated to give the same pressure 
as in firings with tlu» standard ammunition, and care will l)e oteerAcd 
to adapt the band of projectile to Ht the bore of gun. 

The two 3.2-in<*h guns each used fixe<l ammunition (see Ordnance 
Office drawing October 24, 1894, revised to April 9, 1896); capacity of 
case 50 inches, and projectile 16.5 pounds, with band 1.75 inches from 
})ase. The standard charge is nitroglycerine field-gun powder of 
weight suited to give 1,450 feet per second muzzle vefocity. 

INSPECTION. 

(1) The merits of the different breech mechanisms will be adjudged 
generally b}'^ the number of parts, their simplicity, strength, and cer- 
tainty of action as a whole, during the tests; the ease with which they 
can be dismounted or assembled, in whole or in part, and particular 
note will Ikj made regarding the ease of repair m case any part is 
liroken or januned in firing. £ach breech mechanism will l>e photo- 
graphed assembled on the gun, and with the parts separated, and a list 
prepared giving the names of parts corresponding to numbers on the 
photograph. Tunes will be taRen as follows: 

a. Dismounting the mechanism from gun, and tools reciuired. 

b. Dismantling the parts of mechanism, and tools reqmred. 

c. Reassembling the parts and placing mechanism on gun, complete. 

d. Replacing firing pm, and other parts which may be adjudged necesaar>% aa 

develo()ed bv the trials to be tumished as spare parts. 

e. Dismounting the mechanism, if practicable, from gun without first opening 

the breech, and tools required. 

(2) The 3-inch gun, model of 1902, and the 3-inch experimental gun 
of model 1902, will be star-gauged before firing tests of the gun, and 
at the conclusion of the trials or such other times as the board may 
direct. 

(3) Photograph the 3-inch gun and carriage, model of 1902, with 
sights^ including panoramic telescope and range quadrant, thereon 
complete. All firings with this equipment will he made wnth the 
complete service outfit unless otherwise specially directed by the 
board. In all firings with the model 1902 carriage the recoil will be 
n^corded and special note niade of any weakness, breakage, or defect 
in operation of any of the parts of the carriage or sighte. Tfmes in 
maneuvering the carriage will be taken; (a) to pass from extreme 
depression to extreme elevation, and the reverse; (6) to pass from one 
extreme in azimuth to the other. 

FIRING TESTS. 

(4) VeU)cltir.<ian(lprei<8ureii will be first taken to establish the standard 
times as mav be necessarv to insure the maintenance of the same. 

(5) Ten rounds will be fired with each gun and breech mechanism, 
in preliminary firings to observe the working of the mechanisms. 

Tests of S'hich field cfun and carriage, model of 190S. 

(0) Accuraci/^ ddil>erate jiiw — Fire two series of 10 rounds each, 
exclusive of sighting shots, for vertical target, at 2,600 yards range. 
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(7) Sapidity^ unainied fire, — Fire 10 rounds from loam platform, 
be trail naving been set by one round. 

(8) Rapidity with accuracy, — Fire 10 rounds at vertical target 2,500 
^aras, from loam platform, the trail having been seated and range 
lecured by not exceeding two sighting shots. 

|9) Repeat 8 from macadam, and also from rock platform. 

,10) Maintained rapidity with accuracy. — Fire 45 rounds from loam 
^ktfonn, at 1,000, 2,500, and 1,000 yards targets, 15 at each, so placed 
haH the trail must be shifted for each change of target. 

(11) Fire about 100 rounds for endurance or sufficient to make in 
ill 500 rounds fired from the gun tested under this programme. 

Ibtf of S'inch Stoekett mechanism and of StockeU-Ihsker mechanism^ ecwh vrilh S-inch 

experimental gun on model 1902 carriage, 

12) Repeat 7. 

18) Repeat 8, if deemed advisable by the board. 
^14) Fire 50 rounds for endurance, if deemed advisable by the board, 
inclaaing at least one additional ten rounds for rapidity, unaimed fire. 

Teste of Oerdom S-inch eccentric bushing mechanism on short recoil carriage, 

(15^ Repeat 7. 

(16) Fire 40 rounds for endurance, including an additional 10 rounds 
for rapidity, unaimed tire. 

Tests of Gerdom and Stoekett S.^-inch mechanisms on short recoil carriage. 

87) Repeat 7. 
OTE. — Additional firing tests may be given these two mechanisms 
if deemed advisable by the board. 

GENERAL TESTS OF CARRIAGE, MODEL OF 1902. 

(18) Four kinds of platform will \ye used, viz: Loam, sand, rock, 
)m macadam. 

; On each there will be fired 15 rounds at each of the three elevations, 
via: £xti*eme elevation, zero elevation, extreme depression, 5 rounds 
bdn^ with the gun in its extreme position right, 5 rounds in mean 
*tion, and 5 rounds extreme left. In these tests the jump, depar- 
fromline of fire, and depth of trail and wheels will be noted. 
yfh&a necessary to move the trail, the power and time required will 
be noted. 

(19) Fire 10 rounds with trail rigidly supported by an oak post. 

K 
I 

I SPECIAL TESTS. 

To be applied to the 3-inch breech mechanisms only, unless othor- 

flriae directed by the board. 

r (80) Excessive c/iaryes, — Fire 10 rounds with increasing pressures, 

■B follows: 2 rounds 35,000, 2 rounds 38,000, 2 rounds 40,000, 2 

poondi 42,000, and 2 rounds 44,000 pounds. 

i In the last 2 rounds the cartridge cases will be annealed to within 

lAoat 1 inch of the head, and the chamber of gun thoroughly cleaned 

UA dried before the cartridge is inserted, with the object of ciiusing 

Be case to Btibk and testing the extractor. 

I 

i 
I 

\ 
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with slides for firing from the short recoil* carriage, experimental 
model of 1900. The stsindard veUwity, 1,460 feet per secomL for the 
8.2-inch gun, with 16.5 j)ounds projectile, is attained with a cnarge of 
16 ounces smokeless (nitroglycerin) jx)wder and 0.26-ounc« igniter. 
The pressure with the lot of i>owder used is about 20,000 pounds per 
square inch. The cartridge case has a capacity of 50 cubic inches, and 
uses a short percussion primer. The igniter is placed in rear of the 
charge. 

8. Star-gauging records have been taken, namely: For 3-inch B. L. 
rifle No. 7, modclof 1902, to include round 372, and for S-inch B. L 
rifle No. 1, model of 1902, experimental, to include round 317 at the 
proving ground, after 69 rounds previously fired, making a total of 
3Hi} rounds. No appreciable expansion has occurred in either gun, as 
shown by the measurements to bottom of grooves and in the powder 
chamber, except about 0.002 inch at the forward end of the cnamber 
in No. 1 gun. The wear of the lands amounts as a maximum to 0.0<)i 
inch, found in No. 7 gun near the commencement of the rifling. 

9. Data relating to the several breech mechanisms and their maneu- 
vering trials is collected in the following table: 
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tmg pin hushin applied to 3-iiK-h gim No. 1, iiKKlel of 11¥H\ short 

loafl. 

At Watervliet Arsenal, ':tb rounds in pnx)f of each of the 3,:?-inch 

ins converted withGrerdom and Stoi^kett met'hanism>5 respectively. 

GUXS AXD BREECH MECHANISMS. 

5. List of descriptive photographs of material (plate4>): 

1, 2, 3. Stockett S-inch breech mechiinisni on ^n iiKxiel of 1902, exix^rimental; 

X 1 flhowB TB;^er firing handle in firing pKisition. 

i, S, 6. Taeker 3-inch breech n)echani^!ni and firing attai^hinents, gun n^odel of 

QS^ experimental, No. 4, shows Tasker firing handle in locked position. 

7, 8, 9. Geidom S-inch breech mechanism, eooentric firing pin bushing, exj^ri- 

tmttSi, oo gun model of 1900, short recoil. 

10, 11, 12. Gerdom 3.2-inch breech mechanism experimental, on 3.2-inch gun 



13^ 14, 15. Stockett 3.2-inch breech meclianism experimental, on 3.2-incli gun 

nverted. 

W, 17. Breech mechanism 3-inch B. L. rifle, model of 1902 (l^rdom). 

18, 19, 20, 21. General ^news 3-inch Pilot carriage, model of 1902. 

Panoramic rear eight with attached open sight. 

Firing attachment on carriage, range quadrant, and recoil indicator. 



6. The body of the 3-ineh field gun, model of liH)2, is made of nickel- 
eel forgings, comprising tube, jacket, and locking hoop, assembled 
f ahrinka^, and a slide band near the muzzle. The locKing hoop is 
Ined to the muzzle end of the jacket by a screw thread, and has an 
lotting shoulder on the tulje to conneit the parts. The jacket has 
ide and guide rib surface on the underside in lieu of trunnions, to 
i the cradle of the long recoil carriage, and projections at the breech 
► provide lugs for the hinge pin of the block carrier and for fastening 
le piston rod of the recoil cylinder of carriage. The principal data 
elating to the ballistics of the gun are: 

'eight of gun complete, with breech mechanism pounds . . 836. 5 

s^ih of gun overall inches.. 93.8 

mgth of bore (28 calibers) do 84.0 

avel of projectile in lx>re do 74. 8 

Rifling, 24 grooves, right hand-twist, increasing from 1 turn in 50 
libers to 1 in 25 calibers at 12.52 inches from muzzle, thence uniform 
muzzle. 

ejpth of grooves inch . . 0. 03 

uith of lands do 0.10 

>wder chamber: 

Diameter, tapering do 3.21-3. 10* 

Length do 10.98 

iDgth of cartridge case do 10. 80 

>iigth of cartridge, complete (shell ) do 21 . 90 

'eight of complete round ...: jx>unds. . 19. 10 

'eight of projectile, filled and fuzed do 15. 00 

'eight of cartridge case, primed do 2. 3125 

'eight of black powder in percussion primer (long) grains. . 110 

'eight of black powder igniter ( front ) do 110 

'eight of smokeless powder charge (nitrocellulose) ounces. . 26 

ipacity of cartridge case ( powder spacing) cu!)io inches. . 66. 5 

uzzle velocity feet jkt second . . 1 , 700 

ressure l>onnds s<inare indi . . 30, 000 

7. The 8-inch gun, model of 1902, experimental, is similar in con- 
ruction to the model 1902 gun, and each of the 3 inch guns, including 
le model 1900 gun, as modified for these tests, uses the same anmumi- 
on. The two 3.2-iuch guns have the trunnions removed and are tittod 
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Brt'cch mcchaniifm S-Uwh Ji. L, rijtt'f model of 1902, 

10. The (ierdom breceh mechanism (Plates 16 and 17) comprises 
2C parts in the hrcecli mechanism [)roper and 12 parts arranged for 
(lis<'harjrin|,^ th(». gun when in battery by means of the firing handle on 
the carriage (Plate 23), nameh': 

1. Hinge pin. 

2. Ilinge-pin spring. 

3. Bloirk (!Arrier, with uttaclie<l stop. 

4. T^tcli ])olt. 

5. Ijat(!h-])olt si)ring. 

0. Breechblock, witli busliing screwed in fast 

7. Sear. 

8. Bear spring. 

9. Trigger. 

10. Trigger spring. 

11. Firing i)in. 

12. Firing-pin spring. 
VS. Cocking lever. 

14. Hand-c(K'king lug. 

15. Cover plate. 

16. Cover-locking pins (2). 

17. Operating lever. 

18. Oiierating-lever pivot. 

19. Operating- lever invot key. 

20. Operating- lever pivot key spring. 

21. 0})erating-lever latch. 

22. Operating-lever lat^-h s[^>ring. 
28. OfKjrating-lever latch pin. 

24. Extractor. 

25. Extractor lever. 
2(). Trigger arm. 

27. Trigger-arm pin. 

28. Trigger-arm sleeve. 
21). Firing shaft. 

:^0. Firing-shaft bracket 

81. Firing-shaft bracket screw. 

32. do. 

33. <lo. 

34. Firing handle. 

35. Firing-handle spring. 
'M\. Firing-handle pin. 
37. Lanvard. 

11. Tlie block is of the eccentric screw type with two threaded and 
two Hatted sectors. The rear part is cylindrical, with a reduced diam- 
eter which is threiideil with the same pitch as the interrupted screw 
and fits into the carrier as a nut. The block is bored out to receive a 
bushiii)Lr from the front and the firing pin and mechanism from the rear, 
])laced eccentrically. The block recess is also bored eccentrically in 
th(i gun so that when the block is clo.sed the tiring pin is not opposite 
the primer in the cartridge Ciise, l)ut bei^omes central with the primer 
only when the l)lock is rotated and the breech threads engaged. Bevel 
gear teeth are formed on th(i rear face of the block and mesh with those 
on the operating lever which is pivot(»d on the carrier immediately 
under thc^ block. The rear end of the Idock is closed by a steel cover. 
In rotating the block, in opening, the cocking lever which is con- 
strained to move between two cammed surfaces, one on the block and 
the other on the cover plate, withdraws the tiring pin until it is caught 
by the sear. In rotating the block to close the breech, this lever com- 
presses the main spring ready for tiring. The piece can not be fired 



TEST OF FIELD MATER1.\L. 191 

SI the block is fully closed and rotated, in which position the cock- 
• lever is free from the camming surface and can allow the full stroke 
the firing pin. 

.2. The gun may be fired by lanyard attached in the eye of thetrig- 
"^ but is habitually fired by the handle and firing shaft on th^ car* 
ge, which can be operated to fire only when the piece has returned 
I aaf e position of recoil in battery. The firing handle and shaft are 
)portea in a bracket on the cradle and the trigger anu and sleeve 
tne right of the recoil lug on the gun. When the gim is in battery 

firing shaft with square cross section enters the tngger-arm sleeve 
I an outward pull on the firing handle revolves the shaft and engages 

toe of the trigger arm to pull the trigger and fire the gun. The 
ion of the firing-handle spring combined with the limited motion ; 

)wed the trigger arm by two set pins maintains the trigger arm in 
rect position to avoid jamming of parts in the counter recoil of gun 
3r firmg, and so that tne trigger arm will be properly engaged for 
ng again. 

3. The extractor is composed of a ring which passes entirely around 
rim of the cartridge case and guides which slide in grooves in the 

ht side of the breech recess. The extractor lever is pi-oportioned 
IS to act first as a wedge to start the empty case from its seat and 
i lever to throw it clear of the breech. 

4. The breech is opened or closed by a single movement with the 
rating lever. The mechanism can not be dismantled from the gun 
hout first rotating the block. The successive steps in removing the 
^hanism by parts are then as follows: (1) Remove cover pins and 
te. (2) Unscrew hand-cocking lug from firing pin. (3) Remove 
king lever, firing pin, and spring. (4) Remove sear and sear spring. 
Remove operating lever pivot Key, pivot, and lever. (6) Unsci^ew 
ck from carrier. (7) Remove hinge pin to dismount carrier. (8) 
nove trigger and spring and latch bolt from carrier. (9) Dismantle 
^rating lever latch in order, viz, pin, latch, and spring. 

5. The firing tests of this mechanism have comprised 14 rounds with 
1 No. 3 and 372 rounds with gun No. 7, both mounted on the 3-inch 
)t carriage, model of 1902. The performance of the mechanism 
J generally good, including the trials by dust, rust, blow back, and 
essive pressures, but at times it worked hard. No special repaire 
re required to enable the mechanism to endure the test other than 
►stituting a new hinge pin and dressincr the parts of the extractor 
3r the blow-back test at round 242 with gun No. 7. Opportunity 
3 taken as the trials progressed to suggest changes for improvement 

^he mechanism to be embodied in guns under manufacture. i 

6. The changes which have been already decided upon include the -r 
owing: f 

1) Shorten firing pin at screw end 0.1 inch to be 5.305 inches over f 
to more promptl}' withdraw firing-pin ix)int within the face of j 
block on opening the breech. ! 

2) Replace the two set pins that limit the movement of trigger arm -^ 
a single pin riveted to the trigger arm and working in a hole of i 
Bcient size to allow the same limits of movement to the trigger 
1. The use of the two set pins or of the riveted pin alone renders 
lecessary the coil spring on firing shaft shown on earlier drawings. 

3) Change profile of firing-handle spring. 

WAR 1904— VOL 10 13 
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in battery th(» turning of this ^shaf t releases the sear through the inter- 
mediary of the tripping arm and sear tripping pawl. 

23. The extiiu^tor moves in guides in the right side of the breech 
recess. It is operated by the extractor lever which pivots on the hinge 
pin and is tripped by the carrier on opening the block. The pivot 
hole in the extracting lever is elongatea to produce at first a slow and 
Hnall}' a quick motion to eject the empty cartridge case. 

'24. The breech is opened or closed by a single movement with the 
operating lever. The carrier and parts oi the mechanism, excepting the 
breechblock, <^an be removed directly from the gun without rotatinjj 
the block, which is an advantage in case the l)lock should Ijc stuck {tir^t. 
And the block is adapted finally to be unscrewed when cxjwsed by 
using a wrench belonging to the carriage. A combination tool is fur- 
nished which is adapted to dismantling the various parts of the mech- 
anism. The successive ste])s in removing the parts of the mechanism 
from the gun are as follows: (1) Remove screw and lift out the collet 
on gun bod}' that holds the IJock stop in place, then remove the block 
stop. (The removal of the collet is not required if the breech is oi>en.) 
(2) Remove split pin from hand cocking lug; then unscrew the latter 
about two turns of the thread and snap^ the firing pin to loosen the 
cocking lug, then unscrew the hand cocking lug and remove the (lock- 
ing lug. (3) Remove hinge pin and then the carrier entire with oper- 
ating iever, etc., attached. If the block is open the carrier and bWk 
will be disengaged by (1) Lift out the block stop; (2) release lo<'k lx)lt 
and slightly turn block as in closing, then pull the soar and at the 
same time rotate the operating lever to allow the firing pin to move 
forward. To dismount the firing pin and spring, the pin nmst first l>o 
• retracted to disengage the point from the seat in the front of the block 
to allow the firing spring sleeve to be unscrewed. Retrai*t firing pin 
and place the com})ination tool (wrench) on the square section of the 
firing pin under the cocking lug, in w*hich |X)sition it will hold the pin 
rctr.icted, then unscrew the sleeve b^*^ strikmg on the wrench. 

2o, In assembling the block and carrier the firing pin must be cocked 
])eforo attempting to close the operating lever or Jock the block, in 
order to allow the toe of tlui operating lever pivot bolt to jmuss by the 
cocking lug. The combination tool furnished was not sufficient to 
perform all the ojwrations as designed. The wrench jaws of the tool 
were spread in unscrewing the fii'ing spring sleeve; the tool did not 
give sufficient leverage to unscrew the firing pin point, and the hinge 
pin being dithcult to remove in this case required a drift and hammer 
for removal. 

2t). The firing tests of this mechanism have comprised rounds 11 to 
1() Jind 'ioi to i>42, inclusive, or 48 rounds with 3-inch B. L. rifle No. 1. 
nu)d(»l of 1JM):>, experimental, mounttMl on the d-inch pilot carriage. 
model of ll>Oi>; {j[) rounds had previously l>een tired at Rock Island 
Arsenal. 

In the commencement of the present trials the firing pin failed 
repc^atedly to engage the sear, which appeared due to tenaencv of the 
linnrf pin bushing to unscrew. This bushing is assembled with a left- 
hanfl thread, and it is probable this defect would be obviated if a 
right-hand thnvrd were used. The bushing was temporarily fastened 
ir» place by a set screw. Difficulty was also founa in interference 
between the cocking toe and cocking lug which cock the firing pin. 
To remedy this the parts were dressed and metal removed from the 
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hand cocking lug to allow the sear and safetv latch to engage the tiring 
pin with less throw than t)efore. The reniecly was not complete; inter- 
lerence continued between the cocking toe and lug, rendering the 
mechanism hard to operate. The removal of the hardened surfaces 
has also allowed undue wear to take place. At round 34 (prov ing 
grpund series), while the block was being closed, the tiring pin was 
released and struck the primer on the ri^ht edge. On retrial tne same 
fault occurred. It was remedied for a time by placing a washer under 
the hand cocking lug, but after 13 rounds premature release of the 
firing pin again occurred. 

27. The defects of the mechanism were reported by the Board in 
letter dated June 15, 1904, with an expression of opinion that this 
mechanism is not to be preferred to others ou trial and further test of 
it is not necessary, and therefore, with the approval of the Chief of 
Ordnance, the trials were discontinued. 

Breech mechanism {Stocked) S. 2-inch B, L. rifle y concerted. 

28. The Stockett mechanism on this gun (Plates 13, 14. and 16) 
is nearly a counterpart of that on the 3-incn B. L. rifle, model of 1902, 
experimental, previously described, except that beln^ arranged for 
finng hj lanyard only, all parts pertaining to the finng attachments 
on carnage are omitted. The 3.2-inch mechanism was manufactured 
before the 3-inch. The minor differences are a change in the form of 
sear notch and of notch for the safety latch, and the safet}' latch com- 
prises an additional part (head) in the 3.2-inch mechanism. 

29. The firing tests in these trials have comprised 20 rounds with the 
gun mounted on 3-inch short recoil carriage, model 1900, limited to 
test of the mechanism and rapidity of unaimed fire. No trouble was 
met with in the firings. The times taken in the maneuvering trials for 
dismantling the mechanism, etc., are given in the table, paragi*aph 9, 
for comparison with other designs. 

Breech mechanism ( Tasker ) 3-inch B. L. rifle^ model of 1902^ experimental. 

30. The United States Ordnance Company mechanism of Tasker 
design is shown on Plates 4, 5, and G herewith, and on four sheets of 
origmal drawings dated Office of the Chief of Ordnance, U. S. Arm}^ 
February 17, February 23, February 24, and March 5, 1903. The 
design includes the breech mechanism proper, 25 part«, and the firing 
attachments on carriage for discharging the gun, 19 parts. This mech- 
anism was adapted for trial to the same gun as the 3-inch Stockett 
mechanism previously described. The adaptation has apparently re- 
quired no essential departure from the Tasker patent specifications 
No. 599482, February 22, 1898, No. 710124, September 8(^ 1902, and 
No. 751761, February 9, 1904, except in the extractor for which the 
Stockett design is retained, and the modification of the firing attach- 
ments on carriage to use the telescopic engagement of (iring shaft 
already provided for on the gun. Parts common to the two mechan- 
isms are all noted below. The list of parts is as follows: 

1. Brei'chl)loi'k. 

2. Firing mechanism housing. 
8. lIoiiHing lock bolt. 

4. Housing look sj)ring. 

5. Housing lock cap. 

6. Housing lock cap pin. 
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7. Firing pin. 

8. Firing spring. 

9. Firin|5 spring sleeve. 

10. Cocking lever. 

11. Sear. 

12. Trigger shaft. 

13. Operating lever. 

14. Oi)erating lever latch. 

15. Operating lever latch 8i)ring. 
1(). Operating lever latch pin. 

17. C)perating lever pivot. 

18. Block carrier. * 

19. Block latch. 

20. Block latch spring. 

21. ?Iinge pin. 

22. Hinge pin spring. 

23. Hinge pin spring screw. 

24. ExtriicU>r. 

25. Extractor lever. 

2(). Firing handle, comprising han<ile with spring attacheil by 2 rivt^ts, 
and hub attached by riveted hinge pin. 

27. Firing shaft bracket. 

28. Firing shaft stop. 

29. Firing shaft. 

30. Firing shaft latch. 

31. Firing shaft latch trip. 

32. Firing handle return spring. 

33. Firing shaft return spring. 

34. Firing shaft nut. 

35. Firing shaft nut pin. 
3(). Firing shaft sleeve. 
37. Trigger arm. 

.')8. Trigger arm pin. 

Nos. 21, 22, 2o, 24, 25, 3(), and 38 belong interchangeably with Taskcr 
or Stoc-kott niochanisni. 

:U. The block is of the slotted-screw type, having four threaded 
and four phiiii sectors and a continuous pull-tiring mechanism. The 
i)lock recess is bored eccentrically in the gun. The carrier has a hub 
piojerting into a central cavity in the block, and the latter revolves 
thereon in locking and uidocking the breech, beinjr guided b}^ a lug 
which engages in a groove cut in the carrier hub with a pitch corre- 
sponding to the threads on the blOL'k. This groove has a run out 
through which the guide lug must pass in assembling on disengaging 
tlie block and cairier. The carrier hub has a longitudinal chani):)er 
ecc(Mitiic to the iuib but concentric with the bore of gun, in which is 
inserted and secured by slotted sectors the housing containing the con- 
tinuous pull-tiring ineciianism. This latter comprises the firing pin, 
tiring spring and sleeve, the sear, cocking lever, and trigger shaft 
AMicii the block is rotated for opening the breech, and in all positions 
until it again nearly reaches the closed and locked position, the opening 
for the tiring })in in tin* front face of the block is moved eccentrically 
and tlic tiring ])in, which always remains central to the bore, is pre- 
vontrd from moving forward to strike the primer, since the rear face 
of the hai'drncMl bushing in the front of the block is inter|)Osed in f ront 
of a shoulder on the pin.' When the breech is closed the tiring pin is 
fre(^ to go forward as soon as the sear is released. On pulling the 
trigu-er the tirin<j: -])riu<:" is eon)])ressed and the sear tinallv released bv 
tin* forward motion of the slet^vc which trips the se^r. On releasing 
the trigger the* inunediate return of the tiring pin to its retracted 
position is insured by the nmction of the tiring spring, wbich carries 
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the cocking lever to its initial position and restores the flange of the 
firing pin to the sear notch for renewed action on pulling the trigger. 
When the tiring-mechanism housing is assembled through the slotted 
sectors in the carrier hub and turned to its locked position, the breech- 
block, carrier, and housing are completely interlocked for operation. 
Upon removal of the housing the block can freely move forward and 
on of the carrier hub; or, should the block be locked in the gun, the car- 
rier, upon removal of the hinge pin, can be removed bodily to the 
rear and the mechanism complete!}^ dismantled, leaving only the block 
and the extractor on the gun. This is of advantage if from an}' cause 
the breech mechanism can not be opened by hand. 

32. The mechanism provides positive abutting action of surfaces to 
limit the rotation of block in opening and closing, and an efficient block 
latch to prevent rotation of the block in the carrier while the block is 
open. The breech is opened or closed bj^ a single movement with the 
operating lever. Bevel gear teeth are formed on the rear face of the 
block, and mesh with those on the operating lever, which is pivoted on 
the carrier below the block. The pivot of the operating lever requires 
no stay pin or nut, being effectually secured agamst accidental removal 
by assembling the firing-mechanism housing. The extractor is like 
that of the 3-inch Stockett mechanism. 

33. The firing attachments on the carriage (see Plate 4, and Nos. 
26 to 38, inclusive, Plate 6) provide for firing the gun within about 
3 inches of its full return to battery, or as soon as the firing shaft is 
engaged in the sleeve which carries the trigger arm attached to the 
breech lug of the gun. The rotation of the firing shaft, which is accom- 
plished b}' means of the tiring handle to fire the gun, is constrained by 
two coil springs. The forward coil acts to return the shaft to its normal 
position as soon as it has been rotated far enough to fire the gun. The 
rear coil acts to return the firing handle to its normal position when 
pressure on the handle is released. This arrangement obviates danger 
of the trigger arm actuating the trigger shaft until the firing handle 
returns to its normal position and is again depressed, and also avoids 
interference between the trigger arm and proje(*tion on trigger shaft 
should the firing handle be depressed while closing the breech. In 
the safety position, as shown on Plate 4, the firing handle is folded 
on the shaft and interlocks with it, preventing rotation. This is the 
normal position for traveling or to prevent firing with a loaded gun. 
The original designs contemplate firing the gun exclusively by the 
attachments on carriage. The experimental mechanism has an addi- 
tional arm on the trigger shaft with an eye for firing by lanyard. The 
retention of this arm, although it may be shortened somewhat, is deemed 
essential in any finished design, since without it and in case of failure 
of the firing attachments on carriage to operate it would be very diffi- 
cult to fire the gun in anv way. 

34. The so-called firing unit in this design comprises three parts, viz, 
firing pin, sy)ring, and sleeve. It is intended if any of those parts are 
broken to replace the entire unit by a spare one without having to 
take the broken one apart. This o^xiration can be <iuickly performed, 
as shown by the table, paragraph 9. It retpiires 23 seconds, against 62 
or 63 seconds to replace the firing pin or spring se]mnitely. 

35. Substantial advantaofes embodied in the breech mechanism mav 
be summarized as follows: 
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{(() A self-contained, eoutinuous-puU firing lock, the firing pin being 
normally fully retracted and retained in its retracted position by tho 
one .simple tiring spring, independently of any se^r or other restniin- 
ing device. 

(h) The complete firing lock is readily removed and inserted from 
the rear, in eitner the closed or open position of the breechblock. 

((•) The breech mechanism can be completely stripped while the 
breech is closed, leaving only the breechblock and extractor in tho 
gun. 

{(/) All manipulations of dismantling and assembling breech mechan- 
ism and firing lock are performed by band with ease and facility, no 
tool l)eing required under ordinary conditions. 

(r) The firing pin, though in a fixed position concentric with the bore 
of gun, can not move forward until the block (which is eccentric) is 
completely locked, bringing a cavity in line with the firing-pin head. 

86. The firing tests of this mechanism have comprised rounds 1 to 
10, 17 to 200, and 243 to 31T, inclusive, or 869 rounds with 3-inch B. 
L. ritte, No. 1, model of 1902, experimental, mounted on the 3-inch pilot 
carriage, model of 1902. The firings called for by the original pro- 
grannne amounted to about 124 rounds, but advantage was taken of addi- 
tional firings required to be made for the board revising the light artil- 
lery drill regulations, and test of cylinder for the pilot carriage, giving 
45 inches recoil, to give this promising mechanism a more exhaustive 
trial. 

37. Early in the test failure to fire was encountered both with the 
firing handle and ])y lanyard, and examination showed that the inter- 
ior face of the front bushing in the block was burred by blows from 
the firing pin. The firing attachment on carriage also failed to 
work properly. After 21 rounds the mechanism wa« returned to 
Watervliet Arsenal, where the following <;hanges were made: 

{(f) A new bushing with hardenea rear face inserted in the front oi 
tho bree(!h])lock. 

(h) Firing pin (which had been erroneously reduced near front end) 
restored to form by being fitted with a hard bushing, in which shallow 
depressions were cut to facilitate handling. 

(/•) A n(nv and heavier tripping latch, with hardened tripping sur- 
face for the firing handle. 

(//) lleavic^r and more efficient rotating springs for handle and shaft 
resp(»ctively. 

(/ ) New dowels and stop screw and geneml refitting of firing attach- 
ments on ciirriiige. 

After n^turn to Sandy Hook the firing-pin head was cut back o.03 
incii jit point of engagement with sear, so that the firing pin not only 
can not go forward, but can not be trip{)ed until the block is fully 
locked. After placing the renovated firing attachment on the carriage 
the {)art.s re(juin»d some fitting in place to secure satisfactoiy action. 
Aft(»r the thirty- fouith round, however, when, owing to failure of the 
firing liaiidle, II rounds were tired by lanyard, the adjustment of the 
firing attachnieiit was made satisfactorv, and no further trouble was 
found with it up to the 2ir)th round in t1ie rust test, when several fail- 
ures to tin* by tht* iumdle occurred. When the ^^arts were cleaned, 
and foi- th(» remaining r4 rounds of tlie test, the ojKM'ation of the tiring 
han<lle was sjitisfactoi'v. 
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38. Two series of 10 rounds each for greatest rapidity of unaimed 
fire were fired in 28 and 27.4 seconds, respective!}', giving the best 
record of all the mechanisms for this test. The mechanism withstood 
satisfactorily the tests with excessive pressures, defective cases, dust, 
and blow backs. Before the blow-bacK test a hole 0.625- inch diameter 
was drilled in the lower side of the carrier midway between the two 
vent holes already there to provide an additional gas escape. 

89. In the rust test the gun wa« left standing 68 hours after the 
breech had been dipped in the rusting solution for 20 minutes and the 
same solution had been applied to the firing attachments during the 
time with a sponge. The parts were well rusted. The breech was 
opened and 3 rounds fired with difficulty. Six minutes and 46 seconds 
were taken to oil and clean the parts. The total time occupied in the 
ten-rounds test, including cleaning, wa;3 10 minutes 33.4 seconds. The 
last three rounds were fired in 9.5 seconds. When the mechanism was 
thoroughly cleaned the parts were found in ^ood order, except the 
firing spring which required replacement. This spring had been used 
in 225 rounds and appears to have been chiefly damaged in the rust 
test. 

40. Later in the trial trouble was developed with the continuous- 
pull tiring mechanism in the breechblock. At round 240 the sear 
spring failed to hold the tiring pin when pulled for firing: the firing 
spring was not compressed and the gun failed to fire. Examination 
snowed the forward spiral of the firing spring to be set outward and 
interposed between the sear and firing pin, thus preventing the sear 
from taking proper hold on the flange of the firing pin. The spring 
was revolved in position on the firing pin to avoid this interference 
and afterwards about one-quarter turn of the forward spiral was cut 
oflT for the same purpose. Firings were continued to round 269 when 
the gun failed to fire on repeated trials, and examination showed the 
surface (corner) on the tiring-pin flange to be so rounded by wear that 
it would not hold the sear. This bearing surface, with the flange of 
firing pin circular in form, was too small and utilized only about one- 
half ot the available surface of the sear notch. The bearing surface 
on the pin was found, moreover, to have a very thin and insufficient 
case hardening. The defect did not endanger the handling of the gun, 
but simply prevented tiring; it indicated (1) that the flange on the firing 

Ein should be flatted for engagement of the sear and should be well 
ardened, and (2) that the firing spring should be made about 14.75 
instead of 15 turns, so that if the en4 should become set it would not 
interfere with the action of the sear. 

41. The flange of the firing pin was then altered at the proving 
ground by inserting a pallet of steel well hardened, with flatted sur- 
face tangent to the circle of the tiring-pin flange for engagement by the 
sear. In this condition the tiring mechanism housing with parts com- 
plete was forwarded to the Ordnance Office for examination. It will 
be remarked that the insertion of a pallet is not necessarv in an origi- 
nal construction, since this portion of the tiring-pin flange can be 
specially well hardened in the case-hardening process. 

42. Since the return of the parts to the proving ground the continu- 
ous-pull tiring mechanism has been operated 2,000 times to test its 
endurance with the alterations stated. The method was as follows: 
The block was placed with its weight resting upon and its frontfacein 
contact with a thin sheet of brass on smooth wood backing to simulate 
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tlie same resistance to the point of firing pin as the primer in actual 
tiring. The mechanism in this position was pulled off 2,0W times, 
using the lanyard arm of the trigger shaft, and moving the brass strip 
to present a new surface for the pin to strike. The mechanism 
worked without failure duringthetest and at its end remained in ^rood 
order, no appreciable wear l)eing appai*ent on either the tiring pin cr 
soar at their surfaces of contact. The same sear was continued in usi- 
from the commencement of trials of the mechanism and the sametirin*.' 
springthat had been assembled at round 226 of the tiring test*^. Finally 
the mechanism, using the same parts, has since l>een tested in actual 
tiring of 11 rounds from the gun with saluting charges and has fum- 
tioned properly. ! 

48. As the result of these trials the board tinds that the breech 
mechiinism prop<M* of Tasker design, with changes in the continuous 
pull-firing lock, as indicated in tne three preceding paragraphs, is 
simple, serviceable, and efficient, and worthy of adoption in servite, 
provided it embodies ii means of firing by lanyard in addition to lirinj: 
attachm(»nts on the carriage. In future constructions, however, it 
would appear advisable to in(*rease somewhat the strength of the sear 
spring by widening it about 0.05 inch and thickening it alK)ut<l^''2 
inch, and also to increase somewhat the thickness of the forward part j 
of the casing that incloses the firing pin; but the latter change should 
nut l)e made to endanger the resistance of the breechblock to radial 
compression. 

44. Keg:irding the firing attachment on carriage the board finds it i> 
excellent in principle and the tests show it cim be made to perform 
well, but the complexity of design and the nice adjustment of parts 
nM|uire(i, which also leaves little room for wear of parts in service, 
niiike it desirable to secure a better design. The attachment for the 
:^.-inch B. L. rifle, model of 1902 (Gerdom mechanism), is fairly eificient. 
but lacks the safc^tv feature desirable for locking a gun which mar 
tijivo been loaded and is to be left standing for some tmic, or is to w 
moved, etc., before firing. The following are regarded as importai.t 
features to be embodied \n a design: 

(/O To enable the mm to U^ fired when within a distjmce of 3 inches 
from the position in l)atterv. To this end the telescoping firing ^haft 
and sl(»ev(» now employed seem well adapted. 

(/>) To avoid all interference or iamming of parts in the counter 
recoil of the* gun or in opening and closing the breech, in whatever 
position the tiring handle nmy T)» held. 

{r) To include an etficient UK^ans of locking the firing attachment 
against accidental discharge. 

Hrra'Ji mrrjittnisinif, S-hirh />'. />. ritle, )i\Ofhl of 19fX), vtodififd. 

45. Tlie (rordom bn^'ch mechanism, with eccentric firing-pin bush- 
ing (Plates 7. s, and 1»), adapted for firing from the short recoil carriage, 
model of 11)00, jmd by lanyard only, ccmiprises 25 parts, as follows: 

1. I»rfOclil)l«>ck. 

1*. Finti^-])in sK't-ve (e<'cciitric). 

.'i. Firiii;: I •in. 

4. Firinjr-pin spring:. 

r>. llaiKl-rnckinL' !ui: (cap). 

V). Cover platr. 
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7. Cover-locking pin (split). 

8. Operating lever. 

9. Operatir^^ lever latch. 

10. Operating lever-latcrh upring. 

11. Lateh pin. 

12. Operating lever pivot. 

13. Operating lever-pivot key. 

14. Cocking lever. 

15. Sear. 

16. Sear spring. 

17. l^tch lx)lt. 

18. Latch bolt spring. 

19. Trigger or lanyard pull. 

20. Trigger spring. 

21. Extractor lever. 

22. Carrier. 

23. Hinge pin. 

24. KxtracU)r. 

25. Carrier cover or hood. 

46. The alterations made in the continuous-pull breech raechani.sm 
of 3-ineh B. L. rifle No. 1, model of 1900, for short recoil carriage to 
adapt it to the present desi^jn of eccentric liring-pin bushing are shown 
inaetail on drawing dated uatervliet Arsenal, August 18. 1903. The 
object sought is to provide an eccentric position of the tiring pin on 
closing the block ana to dispense with eccentric boring of the breech 
lecess. The block is bored out eccentrically to receive the bushing, 
and the c«,vit3' containing the tiring pin and spring is bored eccentricalTv 
in the bushing, so arranged that when the block is Hrst closed the tiring 
pin is not opposite the center of the primer, but is brought to that 
position by rotating the ])lock to the locked position. The l)ushing is 
threaded in the block cavity near its forward end, and is restrained 
by the cocking lever from turning with the block. In rotating the 
block to open the })reech the block revolves about the bushing and 
throws the firing pin away from the axis of the pun. The firing pin 
i« retracted by the action of the cocking lever on its camming surface, 
and the bushing is at the same time retracted one-thirty-second of an 
inch from its mish ix)sition, with the front face of the block corre- 
sponding to one-quarter turn of the thread on the bushing. The l)ush- 
ing is dismounted from the block by unscrewing from the rear after 
Removing the cover pin (one onl}- is used in this mechanism) and plate, 
the hand-cocking lug, cocking lever, tiring pin and spring, and the 
^ear. 

47. The tiring tests of this mechanism to date comprise rounds 352 
^ 520, inclusive of 169 rounds with 3-inch B. L. rifle No. 1, model of 
L900, short recoil. The records of the first 56 rounds, fired at the 
proving ground between June 18 and August 12, 19^3, to test the new 
?urtridge case with 66.5 cubic inches capacity* and including the first 
>low-back test of the mechanism, were forwarded to the Ordnance 
Dffice with indorsement of August !20, 1903, on O. O. tile 35306-224. 
ten rounds were tired in test of shrapnel September 25-26, 1903. 
\dditional firings to a number of 1<>3 rounds were fired under the 
>resent programme. The gun was returned to Watervliet ArstMial in 
May to be fitted with another type of oreech mechanism involving a 
detracting bushing proposed by llr. (ierdom. Through an oversight 
he maneuvering trials of this mechanism were not made before the 
fUii was sent away, hence the results are not available to be placed in 
he table paragraph 9 with those of other mechanisms tested. 
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48. Including the 1G9 rounds fired, the followinp^ incidents of tho 
trials rohiting to the mochanisni arc to be noted. After round 355 the 
sear was found to be broken, due apjmrently to erroneous dimension^: 
it was replaced, and worked satisfactorily afterwaitls. At round Wrl 
fiiilure to tire was observed, and similar failures occurred at intervals 
throutrhout the tests, indicating weak action of the firing pin. After 
the first blow- back tests, rounos 400 and 407, the opemtnig lever was 
slightly sprung, and the latch failed to hold the bloc^k closed. The 
false impression of the firing pin on primer, noted on the record in the 
examination preceding round 418, is not explainable on an\' ground as 
due to faulty action of the mechanism. The first test for mpidity. 
unaimed fire, rounds 42H-435, was stopped after 8 rounds bv losinjr 
the latch pin from the openiting lever. In the second trial the in 
rounds were fired in 29.8 seconds. In the dust test, rounds 468-477, 
it was necessary to use a piece. of wood as a lever to open the bnH^ch 
after firing the first round, requiring 00 seconds; the remaining l» 
rounds were fired normally, the total time occupied being 226 seconds. 
At round 488 the cover-plate pin dropped out, due to looseness of tit, 
which was readily' repaired. At the fii'st round of the second blow- 
back tests (49J>) the firing pin was bent and upset, requiring the 
mechanism to be sent to shops for repair. The second round left the 
mechanism in good order. In the rust te«t, rounds 511-520, which 
concluded the trials, in attempting to fire the first round it was found 
that the firing pin would not move forward. The mechanism was dis- 
mounted and oiled, and then worked properly, the total time })eing 
202.6 seconds. 

49. In general no serious defects were developed in the trials if 
exception bo made to the difficulty of working in the rust and dust 
tests, due, it is thought, to the liability of the eccentric bushing to 1)0 
clogged in its movement l)y foreign matter. The end of this hushing. 
wliich is exposed in the front face of the block, at one time during the 
trials was slightly buired on the edge and required I'ounding in the 
conuM' to facilitate its working. The board finds that this nieclianism 
with (»ccontric firing-pin bushing is not a type deserving of special 
commendation. 

CONCr.USIONS RESPECTIXG BREECH MECHANISMS. 

Kot\Monro will be made to the j)rece<ling accounts of the several 
meclianisms for remarks concerning them. The boaiti is of the 
o])ini<)n that the (icrdom mechanism for 3-inch guns, model of 1902, 
with tli(^ clianges indicated, which it is understood have been already 
iniuiguratod for guns under manufjicture, is a safe type and fitted to 
roiulcr elH<i(Mit service, luit it may with advantage he replaced with a 
simpler type, involving loss care in manufacture and probably also 
lc>s oxponso, in future constructions. The lK)ai"d is further of the 
(>I)inion that the Tnited States Ordnance Companv breech mechanisnu 
1 linker design, possesses on the whole marked advanta^s over those 
tested herewith and is suitable for adoption in service with the changes 
indicated as ne^es^ary by the trials. The firing attachment on the 
carriage jxMtaining to this me<hanism is not so meritorious and 
improvements then'in are desirable. 
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3-INCH PILOT CARBIAGE. MODEL OF 1902. 

50. General views of the carriage with gun complete are shown in 
plates 18, 19, 20, and 21. Plate 22 shows the panoramic rear sight 
and 23 shows the mnge quadrant to be used for indirect fire in connec- 
tion with the panoramic sight. The firing tests of the carriage, in 
addition to 84 rounds reported from Rock Island Arsenal, have included 
703 rounds at the proving ground with three different guns carrying 
four breech mechanisms, which were repeatedly- interchanged. The 
serial numbers of the rounds fired from the carriage are given on the 
accompanying tiring records for the guns, as follows: 

Rounds. 
3-inch gun No. 3, model of 1902 1 to 14 

15 to 24 

66 to 70 

125 to 235 

;J09 to 376 

499 to 542 

644 to 674 

25 to 69 

71 to 124 

236 to 308 

377 to 456 

543 to 643 

675 to 703 

60 to 65 

457 to 498 



3-inch gun, model of 1902, experimental, Tasker breech mechanism i 



3-inch gun No. 7, model of 1902 < 



3-inch gun, model of 1902, experimental, Stockett breech mechanism.. 



The results of the trials of the pilot carriage and its eauipment, 
indicating desirable modifications for the service material under manu- 
facture, have been reported as the trials progressed. The difficulties 
met with have relatea to the recoil system and^ome minor parts, and 
may be summarized from the firing records and previous con^espond- 
ence as follows: 

51. The cvlinder furnished with the carriage was designed for 48 
inches length of recoil and the counter recoil buffer gave somewhat 
greater clearance than needed. The frequent interchange of guns on 
the carriage and the lack of exact alignment of the cylinder fastening 
to lug on gun in some cases caused friction at the rear end of ci'adle 
and resulted during the earlier trials in bending the cylinder and piston' 
rod. Roughness and lack of uniformity of diameter on the piston rod 
causing unecjual l)ending in the stuffing box was found and also binding 
and chattering of the springs on the cylinder, due to sharp inner 
corners of springs. Finally the action of the system was seriously 
obstructed by soft metal which was found in the' cylinder and counter- 
recoil buffer recess. These causes chiefly led to generally unsatisfactory 
action of the recoil system up to round 413, when they were remedied. 

52. The liquid in cylinder was changed several times to avoid a 
somewhat excessive recoil and also too free return of the gun into bat- 
tery with loose-fitting buffer. At round 142 a mixture or equal parts 
of glycerin with water was substituted for h^'drolenc oil. The effect 
was to reduce the recoil about 0.25 inch, or from 48.375 to 48.125 
inches. At round 148 a mixture of 80 parts glycerin with 20 of 
water was substituted, reducing the recoil to about 47 inches. At 
round 196 a mixture with two-thirds glycerin was tried, giving about 
47.5 inches recoil. Hydrolene was first used after round 220 with the 
new piston rod and buffer, but was replaced at round 236 by the mix- 
ture of equal parts glycerin and water. The recoil was reduced f r^*^ 
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al>put 48.6 to about 48.2 inches. This mixture was then continued iu 
use to round 048, when the new cylinder designed for 45 inches recoil 
was assembled. 

53. At round 118 the cover plate at rear end of cradle was started 
by the shearing of 4 of the 7 rivets that held it. A new plate was 
niade and assembled with 13 rivets as required for the service design. 
The piece afterwaixls remained fast, although some indications of givmof 
wei*e observed at round 043. As a residt of the earlier tests slight 
changes were reconmiended in the opening of piston rod and heaaof 
l)uft'er to facilitate entrance of. the buffer without marring, also to 
round the corners at front shoulder of piston rod to enalile the i*od to 
be assembled without changing the packing in the stuffing box. 

54. From rounds 414 to 643, using the 48-inch recoil cylinder, the 
action of the recoil system was generall}* satisfactory, except failure 
to fully return to battery at maximum elevation, due apparently to 
weakness of the counter recoil springs. These firings included the 
dust test, rounds 501^-518, and the rust test, rounds 034-643. In the 
latter the elevating and tmversing gear did not take rust. Other 
exposed jmrts, including the guides, were well rusted, and the only 
effect observed was to reduce the recoil al>out 1 inch. 

55. The pn^sent tests were concluded b\' tiring 60 rounds (004-Tl'3) 
with the new recoil cvlinder desisfned for 45 inches recoil and the 
piston rod and ])uffer previously used. Three new counter recoil 
springs were also assembled, and hydrolene oil was used in the cylin- 
der. The trials included 15 rounds each on loam, macadam^ sand, and 
rock ])latfornis, tired 5 (mch at zero elevation, extreme elevation, and 
extreme de])ression, with gun in central position. The results obtained 
for action of carriage and steadiness of tire are generally satisfactory. 
Tlic rocoil of gun on carriage is uniform and averages nearly 45 
inches, although slightly exceeding that amount when the trail is so 
supported as to prevent any considerable ciirriage recoil. The niaxi- 
niuin gun recoil is about 40 inches, ol)tained in tirings at maxiinnm 
elevations on hard, loam, and rock platforms. The deficiency in 
counter recoil of gun o})s(»rved at (»xtreme elevations, amountintr in 
extreme ca.se to 1.5 inches, was obviated by removing the tilling plujf 
with gun at extreme elevation and allowing the small amount of warm 
oil tliat would be forced out in that position to escape. 

5r>. TJu' strength of the counter recoil springs was measured by 
rc^stiiig the s])ring on end upon a [datform scale with a piece of round 
i)ar in the coil to avoid buckling, and compressing the spring from the 
to[) under a drill [)res>, meanwhile tapping the coil to prevent friction 
on th(^ eon^ bar. The weight was read from the scale for each com- 
])rcsse(l len;;th measured. Eight springs in all were used in the triaU 
in sets of three, viz: 

Springs Xos. ;M, 5(>, and i*7. in rounds 1 to 183; Nos. 31, 11, and 4i, 
in rounds IS4 to <)4X», and Nos. 47, 4S, and 41>, in rounds t)44 to 703. 
The first five had been in use at Kock Island Arsenal. The last thit»e 
were new spiings received from abroad through the New York 
Arsenal. 

Spring No. ;U was tested after round lis and again after round 413. 
It sustained a weight of 510 ])oun(ls when compressed to a length of 
!^:i./i75 inches in the tirst test and 2:1.2[i inches in the second, maintain- 
ing nearly the ..tandard 23.33 inches, and showing no appreciable los* 
under 2M rounds. 
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I imh tif ilif iMa*!, aixl ti*.- . haiiit« r «.f 1^*1111 llM>f«i««|,*hl% «Wiiiw»| 
rii^ larforv th«- ivflrHl^'i- i« tti.. rf«^i. wiili ii»t .»li^t ..f .iiu,,^^ 
•p lit ttlii k atMi lr>.|iti|« thr- • %|ra« l«ir 
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The injuries to the felloes of the wheels noted on the firing record, i 
a result of the road test at Rock Island Arsenal, have not b« 
extended or developed further weakness in the firing tests. 

60. The bracket supporting the rear sight became very loose affc< 
244 rounds, due to loose rivets. The rivets were then carefully tigh 
ened and the bracket did not again become loose. The panoramic m 
sight, the front sight, and the quadmnt sight supplied with the pilh 
carriage have been kept in place during the triais. These sights u 
not of service pattern and are not adapted to making the accuracy fi 
ings required \yy the program, due principally to loose fitting joint 
These firings under instructions contained in first indoi*sement O. C 
37604-661, June 7, 1904, will be made with a service pattern of oa: 
riage with sights complete to be received from Rock island ArseM 

61. The board also holds for action instructions of thirteeiit 
indorsement O. O. 37664-577, Julj'12, 1904, to determine the velocH 
of gun recoil and the pressure in recoil cylinder with the servk 
carriage and the cylinder used in the last 60 rounds with the pilot csi 
riage; also test of firing handle spring, second indorsement O. G 
37664-715, Julv 20, 1904, and examination of limbers and caissd 
including the folting test with chests filled with ammunition, 0. 
letter 35524-178, July 26, 1904. These tests will be made when th 
service carriage, limbers, and caisson are delivered at the provM| 
ground. • 

62. The pilot carriage, sights excepted, is in good working order I 
the conclusion of the trials, which have embraced 787 rounds fired«i 
addition to a severe road test at Roc*k Island Arsenal. The elevatuj 
and tmversing gear, tmil, and parts of the carriage generally, otln 
than as herewith noted, have w^ithstood the tests in a satisfactory mil 
nor. Most of the changes indicated as necessary by the tests of tk 
pilot carriage had been anticipated in the designs "prepared for ill 
service model now under manufacture, and the liltter should be foui 
to })e strong and enduring while combining in an admirable maAofl 
tlie essential features of the present accepted tj'pes of long recoil fi^ 
carriage. 

Chas. S. Smith, 
Lt. Col.^ Ord. Dept.^ U. o. Anny^ 

PrendenL 

R. BiRNIE, 

Major ^ Ord. DepL^ U. S. Aimy. 

Geo. L. Anderson, 

Major y Artillery Corps^ U. S. Army. 

B, W. Dunn, 

Capt.y Ord. DepU^ U. S. Army* 
The Chikf of Ordnance, U. S. Army, 

Washington, D, C. 

35524-179. 
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• 

Equipmexts — Continued. ^^^e^- 

Meat cann, aluminum 22 

Pack saddles 114 

Picket pins 22 

Kusset leather 21 

Scablmnl, new de^ien 21 

Strap, new woven, Tor attaching canteen to belt 21 

Sword belt«, pigskin 22 

Examination and settlement of property retirns in the()ri)Nance Office. 10 

Experimental field materiel 27 

Small calilxT field gun 27 

Experimental (uns 23, 42 

Semiautomatic B-jKninder 24 

Semiautomatic 15-pounder rapid-fire and mount 23 

6-inch Brown Fegmental-tube wire 23 

6-inch wire- wound, Onlnanc^e Department design 23 

10-inch Brown segmental-tul>e wire 23 

Experiments to determine the DAN(iER of ignition of fixed ammunition 

for field (u'ns __ 31 

Field artillery 26 

Breech mechanisms for lieM guns 26 

Sights 25 

Firth-Sterlino Steel Company .• 42, 44 

Fiscal affairs 5 

FoR(iiN(;s; 3-inch and 0-incii nickel steel 42 

Frank ford A rsen a i 52 

Artillery cartridge i>lant 54 

Cartridges — 

Ball. mo<lelof 1903 55 

Caliber .38 55 

Fuze department 5:i 

Combination fuzes 53 

Primers 54 

Plotting lx)ards 55^ 

Shrapnel plant 52 

Sights for 3-inch field material 55 

Small-arms cartridge plant 54 

Fuller, Capt. Lawson M 28,42,45, 147,151 

Fuzes 34, 40, 52, 53 

Fuze setters 40 

CiiLL, N. Keikil, & Sons 50 

Greer, Col. Joii n K (iO, H2 

Gun rack and pkotkctok 50 

GuYER, Cait. (Jeorge 1) 71, 116 

Guns: 

Automatic machine 9, 19, 41, 71 

Danish rifie mitrailleuse 19, 73 

Exf>erimental 23, 27 

Field 9,27,71 

Galling 19, 50 

Hotchkiss 46 

Mountain 9, 24 

Musket, automatic 19 

Saluting 40, 45, 46 

Seacoast 9 

Semiautomatic 6-pounder 24 

Semiautomatic i.Vpouiidor rapid-fire and mount 23 

Service, anrl mortars 22 

Siege 9 

Small-caliber field 27 

Vickers Sons tS: Maxim solid-action 19, 73 

standard pattern 19, 73 

2.38-inch field 26, 28 

2.95-iiu*h (75 mm. ) mountain 40,57 

3-inch 2S, 40, 45, 46, 'w. 183 

3.2-inch converted 1S3, 187 

3.8-inch, field 26 

4. 7-inch siege 28 
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Guns — Continued. P*8e- 

5-inch rapid-fire 40, 41, 57 

6-inch Brown segmental-tube wire 23, 42 

6-inch rapid-fire 40, 57 

6-inch wire-wound, Ordnance Department design 23 

6-inch wire-wrappeil, experimental 40, 42 

6-inch siege howitzer 28 

7-inch and 8-inch .45 caliber, nickel steel, for Navy 40 

8-inch bree(!h-loading 41 

10-inch iJrown 8egmental-tul)e wire 23 

10-inch, model of 1900 40,41,57 

12-inch breech -loading 40, 41, 57 

l-|)Ounder Hotchkiss, 40 calibers long 40 

6-i)ounder semiautomatic 40 

15-i)Ounder 28,41,42,45 

75-millimeter mountain 24 

Hkakn, Cait. C. C 31 

H KATH, Lieut. Col. Frank 52 

HoF, Cait. Samuel 46 

HoFF, Lieut. Col. John Van R 21 

Hornby, Capt. Odus C 4 

Howard, J. E 145 

Howitzer, 6 inch siEtiE 28 

HuBER, Jameh 92 

Hunter, Cait. A. C 186 

1nhi»e(tor8 of Ordnance: 

Akron, Ohio 42 

American and British Manufacturing Company 45 

Ameri(»n Onliiance Company 45 

Bethlehem Steel Works 41 

Builders Iron Foundry 46 

Cariiej^ie Steel Comfmny 43, 44 

Crucible Stet>l Company of America 43, 44 

Detrick <& Harvev Machine Comimny 45 

Firtl»-Sterling Steel Company 42,44 

Mansfield Engineering Comimny 42, 43 

Mi«lvale Steel Works 44 

Morgan Engineering Company 42, 43 

Karig Engineering Company 42, 43 

riiited States Rapid- Fire Gun and Power Company 45 

Warner and Swasey Company 43, 44 

Welhnan-Seaver->lorgan Company 42, 43, 44 

Jamieson, C'ai»t. C. C 161 

KiN«, Cait. J). M 62 

L\hel, distinctive colored, on pasteboard boxes for cartridges 21 

Li M hers: 

Field 25,41 

Forgo 41 

Store- wagon, rnoilel ol" 1*.M)2 41 

LissAK, Capt! Okmond M 44,54 

List of appkndice.s 70,213 

Mac Nutt, Maj. Ira 57,62 

Macomb, Mai. M. M 68 

Maintknan<'e and cake of the armament of fortifications 30 

Manila Ordnance Depot 13,31,63 

Kx i)anHion requiriMl for neacoaj^t defense 65 

Kxpeiidi tares 68 

Funds received and disburse<l 68 

Issvu? and receipt of stores 66 

New ottice building 65 

Olfice work 68 

Power plant 64 

Receipts 68 

Sales and transfers to other military de])artinents, the Cnited States Navy, 

and the Philippine civil government 64 

Sales of ordnance stores to officers 64 

Settlement of r>utHtan(hng accounts between the Philippine civil govern- 

mcnt and the Ordnance Department 64 

Stiops 65 
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Manila Ordnance Depot — Continued. Page- 
Storehouses -66 

Stores sent to the Louisiana Purchase Exposition at St. Louis, Mo 67 

Mansfield Engineering Company 29, 42, 43 

Marshall, Lieut. Col. William L 68 

McCarthy, Sergt. John J 71 

McNair, Capt. William S 71,116 

MiDVALE Steel Works 44 

Mitcham, Maj. O. B 62 

Montbith. Sergt. Don L 71 

morgah e.vgineering company 28, 42, 43 

Mortars, 12-inch 22,24,37,169 

Range firine with 37 

Morton, Capt. Kenneth 63 

Mount: 

Pedestal 41 

Sleigh 19,73 

Mountain artillery 24 

Mountain guns as field mortars 24 

Mulligan, Sergt. John 71 

Murray, Maj. C. H 21 

Musket, automatic 19 

New designs and proposed alterations in seacoast carriages 29 

New York Arsenal 60 

O'Hern, Capt. Edward P 4,29 

Ordnance Board 68, 169, 174, 183 

List of Hubjects reported upon 69 

Membershi p 68 

Report on range firings with 12-inch mortars 169 

Report on te^t of field material 183 

Pack, cavalry, McNeal's support for 50 

Pack, equipment, designed by Major Kirkpatrick and Captain Bradbury. 50 

Pack outfits 19,24,41,50,73,77,108 

Pack saddles 41, 114 

Payment of employees 9 

Peirce, Capt. W. S 19,45 

Personnel 4 

Plates, steel, face-hardened 40 

Platforms 35 

Pu)TTiNG boards, Whistler 31,41 

Position finders, Swasey depression, type A 31,41,44 

Pouches for first-aid packet 21,41 

Powders 33,40,162, 165 

Pressure cylinders for cannon 40 

Primers 54 

Principal material under manufacture, including that at arsenals and 

AT PRIVATE manufacturers 40 

PRaiECTILES: 

Armor-piercing 39, 44 

Capped and uncapi)ed 39 

Deflection of r2-inch torpedo shell 38 

Dummy 86,40 

Shra[)nel 52 

Small c, ballistic coefficient 36 

Various 45 

.30 caliber 31,40,41 

12-inch torpedo sliell 38 

1-pounder 31 

75-millimeter 37 

Property returns 10 

Purchases 9 

Quadrants, kancjk, for 3-iNrH field carriage, model of 1902 41 

Ra.mmer, mechank al, experlmental 22 

Range-finding instruments 31 , 169 

Range firin(; with mortars 37, 169 

Rarig Engineering Company ■ 42,43 

Recent legislation affecting disposition of funds arising from sales of 

serviceable ordnance stores 9 
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Pace. 

Reduction op appropriation nEADiNos 8 

Revolvers, Colt 50 

Rice, Capt. J. H 42,63 

Rock Island Arsenal -tt> 

Arsc^nal shops 47 

Artillery store shed 46 

Drafting room 49 

Ilonpital 46 

Officers' quarters 47 

Proving ground ,. 49 

Report** on material 50 

Rock Island Bridge 47 

Small-arms plant 49 

Stable 46 

Storehouse 47 

Water power 47 

RcGGLfx, Capt. Colden L' H 28 

RrssELL, Maj. a. H 63 

Russet leather 21 

Sabers 41, 50 

Sales to the Philippine civil (Jovernment 8 

Sandy Hook Proving Ground 4,14,23 

Chemical laboratory work 15 

Department of electricity 15 

Instruction of officers 14 

Machine-shop work 15 

New construction 16 

Proof battery 16 

Rai I road 14 

Sho[>s 16 

Scabbards 20,21,41,50 

Scorr Foundry 42 

SeACOAST CA RRIAiiES 28 

New <lesigns and proposed alterations in 29 

Service (uns and mortars 22 

Mechanical breech opening and closing device, ex{)erimental 23 

rammer, experimental 22 

Shaler, LiEiT. CoL. Charles 55 

Sheridan, H. C 92 

Shields 28,41,42,44 

Shkai'xkl plant 52 

SiEGK artillery 28 

Howitzer <*arriages 28 

Widths of tires of Held and siege carriages and limbers 28 

SKiiiTN 26,29,^,41,44,55 

SLKKiH MOUNT, ViCKERS SoNS & MaXIM 19,73 

Small arms 16 

Automatic machine guns 19 

Cavalrv sabers 20 

Machetes 20,50 

Miscellaneous 20 

Re vol vers 18, 50 

Shotguns, Winchester rei>eating 50 

I'liited States magazine ritle — 

Model of 1S9H 18 

Model of UK)3 16,41,50,51 

Small arms ammcnition 20 

(iallery practice cartridge, caliber .30 20 

(iuard cartridge 20 

Small arms ( artkidoe plant 54 

Small arms i'lant: • 

Rock Island Arsenal 49 

Springfield Armory 50 

Small arms tar(;kt praitick 21 

Small <\ ballistic coefficient 36 

Smith, Lieit. Col. Chas. S 14,68,161,173,206 

Smok eli->s powder 33, 40, 162, 165 

Kther-air mixture 34, 163 



